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(54) ELECTRONICALLY CONTROLLED FUEL INJECTOR 



(57) In the present invention, an electronically con- 
trolled fuel injection device is constructed from a plunger 
pump 800, a circulation passage 140 which circulates 
fuel that has been pressurized in the initial region of the 
pressure-feeding stroke, a valve body 820 which blocks 
the circulation passage in the later region of the pres- 
sure-feeding stroke, an inlet orifice nozzle 60 which al- 
lows the passage of fuel whose pressure has been in- 
creased in the later region of the pressure-feeding 
stroke, an outlet orifice nozzle 70 which is used to cir- 
culate some of the fuel that has passed through the inlet 
orifice nozzle [back into the fuel tank], an injection noz- 
zle 1000 which injects an amount of fuel equal to the 
difference between the fuel that has passed through the 
inlet orifice nozzle and the fuel that has passed through 
the outlet orifice nozzle, and control means 80, 90 for 
controlling the plunger pump in response to the cycle of 
the engine. As a result, precise control can be accom- 
plished by a compact apparatus in an electronically con- 
trolled fuel injection device, and in particular, the amount 
of injection can be controlled with high precision at high 
temperatures. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electroni- 
cally controlled fuel injection device which is used to 
supply fuel to an internal combustion engine (hereafter 
referred to simply as an "engine"), and more particularly 
to an electronically controlled fuel injection device used 
in engines that are mounted in two-wheeled vehicles 
and the like. 

BACKGROUND ART 

[0002] Conventionally, electronically controlled fuel 
injection devices which control the fuel injection timing 
and amount of injection, i. e., injection period or the like, 
by means of an electronic circuit have been employed 
in four-cycle gasoline engines mounted in automobiles 
and the like, and especially in multi-cylinder gasoline en- 
gines with 4, 6 or 8 cylinders which have a relatively 
large total displacement of approximately 1000 cc to 
4000 cc, from the standpoint of improving fuel economy 
in response to exhaust gas regulations, or from the 
standpoint of improving the operating characteristics. 
[0003] For example, a port injection type device which 
injects fuel toward the exhaust port of the engine 1 by 
means of an electromagnetic valve type injector 3 which 
is attached at an inclination toward the downstream side 
with respect to the intake passage inside the intake 
manifold 2 of the engine 1 as shown in Fig. 23 is known 
as such an electronically controlled fuel injection device. 
In this port injection type electronically controlled fuel 
injection device, as is shown in the figure, fuel (gasoline) 
inside the fuel tank 4 is fed out under pressure by an in- 
tank type fuel pump 5 accommodated inside [the fuel 
tank 4], e. g., a centrifugal flow type fuel pump. This fuel 
is supplied to the injector 3 via a highly pressure- resist- 
ant fuel feed pipe 7 and a delivery pipe (not shown in 
the figures) after passing through a high-pressure filter 
6 at an intermediate point. 

[0004] Furthermore, the fuel conducted by the fuel 
feed pipe 7 is also feed into a fuel pressure regulator 8, 
and the excess fuel other than the fuel that is injected 
from the injector 3 is returned to the fuel tank 4 via a fuel 
return pipe 9. As a result, the pressure of the fuel that 
is positioned upstream from the injector 3 (i. e., the fuel 
pressure) is maintained at a specified high pressure val- 
ue. Thus, since the pressure of the fuel is maintained at 
a high pressure, the generation of vapor in the case of 
high temperatures or the like is suppressed; further- 
more, the fuel that is injected from the injector 3 can be 
finely atomized. 

[0005] Furthermore, in order to detect the conditions 
of the engine 1 in an appropriate manner, this electron- 
ically controlled fuel injection device is equipped with an 
engine rotational speed sensor 1 0, a water temperature 
sensor 11 , an Q 2 sensor 12, an intake pressure sensor 



1 3, a throttle sensor 1 4, and air flow rate sensor 1 5, an 
intake temperature sensor 16 and the like. On the basis 
of operating information concerning the engine 1 that is 
detected by these sensors, a control unit (ECU) 1 7 that 

5 is equipped with an electronic circuit calculates the cur- 
rent optimal fuel injection amount, i. e. , the fuel injection 
time and fuel injection timing, and transmits this infor- 
mation to the injector 3. As a result, the injection time 
and injection timing of the fuel from the injector 3 are 

10 optimally controlled in accordance with the operating 
conditions of the engine 1 . 

[0006] Meanwhile, in the case of engines with a rela- 
tively small displacement that are mounted in two- 
wheeled vehicles or comparable vehicles, or in other en- 
's gine-driven devices, e. g., engines with a displacement 
of approximately 50 cc to 250 cc per cylinder, fuel injec- 
tion devices using carburetors or the like that control the 
amount of fuel injection by means of pressure have been 
employed in the past, one reason being that exhaust gas 
20 regulations and the like were not too strict [in the case 
of such engines]. 

[0007] However, as a recent step in the prevention of 
global warming and environmental protection, fine con- 
trol of combustion for the purpose of reducing emissions 

25 of carbon dioxide, hydrocarbons and the like by reduc- 
ing fuel consumption has become necessary even in 
such engines with a small displacement. 
[0008] When an attempt is made to achieve optimal 
fuel injection in the same manner as in large-displace- 

30 ment automobile engines by using systems similar to 
existing electronically controlled fuel injection devices 
instead of conventional carburetors, the following prob- 
lems arise. 

[0009] First of all, in the case of an electronically con- 
35 trolled fuel injection device using a conventional fuel 
pump 5 and injector 3, either time or area is used as a 
control parameter in controlling the amount of fuel injec- 
tion and the like. Accordingly, the degree of freedom of 
control, i. e., the control width, is narrow, so that such 
^0 devices are undesirable in the case of engines mounted 
in two-wheeled vehicles and the like, in which it is nec- 
essary to perform optimal control of the combustion 
while giving serious consideration to the operating per- 
formance from the standpoint of the application in- 
45 volved. 

[0010] Secondly, conventional fuel pumps 5 are cen- 
trifugal flow type fuel pumps, and have a relatively large 
and complicated structure equipped with pump parts, 
motor parts and the like. Furthermore, an in-tank instal- 

50 lation system in which the fuel pump is disposed inside 
the fuel tank 4 is generally employed; as a result, for 
example, It is difficult to fit such a fuel pump in a two- 
wheeled vehicle engine in which there are restrictions 
on the size and shape of the fuel tank. 

55 [0011] Third, since the fuel feed pipe 7 extending from 
the fuel pump 5 to the injector 3 is filled with high-pres- 
sure fuel, such a system is undesirable from the stand- 
point of safety in the case of engines mounted in two- 
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wheeled vehicles, in which spill accidents and the like 
must be taken into consideration. 
[0012] Fourth, in the case of conventional systems 
which supply fuel at a high pressure, the electric power 
consumption of the fuel pump 5 itself is large; further- 
more, it is necessary to circulate fuel at a high flow rate 
via the fuel pressure regulator 8. As a result, the overall 
electric power consumption is increased even further. 
Accordingly, such systems are undesirable for engines 
mounted in two-wheeled vehicles and the like, in which 
there is a need to reduce the electric power consump- 
tion. 

[0013] Fifth, in the case of conventional systems 
which supply fuel at a high pressure, a high pressure 
resistance is required, so that such systems are gener- 
ally expensive, including the cost of the materials of the 
constituent parts, the cost of high quality control during 
manufacture and the like. Accordingly, such systems 
are undesirable for engines mounted in two-wheeled ve- 
hicles, in which there is a demand for cost reduction. 
[0014] The present invention was devised in light of 
the abovementioned problems encountered in the prior 
art. It is an object of the present invention to provide an 
electronically controlled fuel injection device which 
makes it possible to achieve an optimal combustion 
state by means of precise control which is such that ex- 
haust gas countermeasures are also performed while 
maintaining the operating performance in a small-dis- 
placement engine, e. g., an engine mounted in two- 
wheeled vehicles or the like, and at the same time 
achieving a reduction in electric power consumption, a 
reduction in cost, a reduction in size and a reduction in 
the installation space required. 

DISCLOSURE OF THE INVENTION 

[0015] The first electronically controlled fuel injection 
device of the present invention is an electronically con- 
trolled fuel injection device which injects fuel into the in- 
take passage of the engine, comprising a volume type 
electromagnetically driven pump which uses electro- 
magnetic force as a driving source, and which pressure- 
feeds fuel conducted from the fuel tank, an inlet orifice 
nozzle which has an orifice part that allows the passage 
of the fuel that is pressure-fed by this electromagneti- 
cally driven pump, an outlet orifice nozzle which has an 
orifice part that allows the passage of fuel so that a spec- 
ified amount of the fuel that has passed through the inlet 
orifice nozzle is circulated back to the fuel tank, an in- 
jection nozzle which injects an amount of fuel equal to 
the difference between the fuel that has passed through 
the inlet orifice nozzle and the fuel that has passed 
through the outlet orifice nozzle into the intake passage, 
and control means for controlling the electromagnetical- 
ly driven pump in response to the engine cycle. 
[0016] In this construction, when a specified driving 
signal is sent to the electromagnetically driven pump by 
the control means, the electromagnetically driven pump 



is actuated by the electromagnetic force that is gener- 
ated, so that a specified amount of fuel is pressure-fed. 
Then, the pressure-fed fuel passes through the inlet or- 
ifice nozzle and is adjusted to a flow rate (pressure) that 
5 corresponds to the driving signal, and a portion of the 
fuel that flows out from this inlet orifice nozzle pass 
through the outlet orifice nozzle and is circulated back 
into the fuel tank. Furthermore, an amount of fuel equal 
to the difference between the fuel that has passed 
10 through the inlet orifice nozzle and the fuel that has 
passed through the outlet orifice nozzle is injected into 
the intake passage from the injection nozzle. 
[0017] Here, the inlet orifice nozzle acts as a sensor 
that detects the fuel flow rate by the pressure difference 
*5 before and after; furthermore, the outlet orifice nozzle 
acts to apply a bias to the flow rate through the inlet or- 
ifice nozzle, so that the region of strong nonlinearity of 
the small-flow-rate region is not used in the flow rate 
characteristics of the inlet orifice nozzle. 
[0018] In the abovementioned construction, a con- 
struction which comprises a cylindrical body that forms 
a fuel passage, a plunger which is disposed in tight con- 
tact with the inside of the passage of this cylindrical body 
so that this plunger is free to perform a reciprocating 
motion within a specified range, and which has a fuel 
passage that passes through in the direction of the re- 
ciprocating motion, a first check valve which is urged so 
that the fuel passage of this plunger is blocked, and 
which is disposed so that the fuel passage is opened by 
the movement of the plunger in one direction, an elastic 
body which is supported on the cylindrical body, and 
which urges the plunger in the direction of the recipro- 
cating motion, a second check valve which is disposed 
on the downstream side of the plunger with respect to 
the direction of flow of the fuel, and which is urged so 
that the passage of the cylindrical body is blocked, and 
disposed so that that the passage of the cylindrical body 
is opened by the movement of the plunger in the other 
direction, and a solenoid coil which applies an electro- 
magnetic force to the plunger, may be used as the elec- 
tromagnetically driven pump. 

[0019] In this construction, when the plunger is 
caused to begin an advancing motion (in the abovemen- 
tioned second direction) by the exciting action of the so- 
lenoid coil from the resting position in which the plunger 
is held in a specified position inside the cylindrical body 
by the elastic body, the second check valve opens the 
passage of the cylindrical body, so that fuel is pressure- 
fed toward the inlet orifice nozzle. On the other hand, 
when the plunger that has reached a specified position 
begins a return motion (in the abovementioned first di- 
rection), the second check valve blocks the passage of 
the cylindrical body, and at the same time, the first check 
valve opens the fuel passage of the plunger, so that fuel 
is sucked in behind the plunger, i. e., toward the down- 
stream side. Thus, fuel at a specified pressure is pres- 
sure-fed toward the inlet orifice nozzle by the recipro- 
cating action of the plunger. 
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[0020] Furthermore, the second electronically con- 
trolled fuel injection device of the present invention is an 
electronically controlled fuel injection device which in- 
jects fuel into the intake passage of the engine, com- 
prising a volume type electromagnetically driven pump 
which uses electromagnetic force as a driving source, 
and which pressure-feeds fuel conducted from the fuel 
tank, a circulation passage which circulates fuel that has 
been pressurized to a specified pressure or greater in a 
specified initial region of the pressure-feeding stroke 
performed by the electromagnetically driven pump back 
into the fuel tank, a valve body which blocks the circu- 
lation passage in the later region of the pressure-feeding 
stroke other than the initial region, an inlet orifice nozzle 
which has an orifice part that allows the passage of fuel 
pressurized to a specified pressure in the later region of 
the pressure-feeding stroke, an outlet orifice nozzle 
which has an orifice part that allows the passage of fuel 
so that a specified amount of the fuel thai has passed 
through the inlet orifice nozzle is circulated back into the 
fuel tank, an injection nozzle which injects an amount of 
fuel equal to the difference between the fuel that has 
passed through the inlet orifice nozzle and the fuel that 
has passed through the outlet orifice nozzle into the in- 
take passage : and control means for controlling the 
electromagnetically driven pump in response to the en- 
gine cycle. 

[0021] In this construction, fuel mixed with vapor 
which is pressurized to a specified pressure or greater 
in the initial stage of the pressure-feeding stroke per- 
formed by the electromagnetically driven pump is circu- 
lated back into the fuel tank via the circulation passage. 
Furthermore, in the later region of the pressure-feeding 
stroke, the valve body blocks the circulation passage, 
so that the pressure of the fuel is elevated to a specified 
pressure, and the fuel passes through the inlet orifice 
nozzle and is adjusted (metered) to a flow rate (pres- 
sure) that corresponds to the driving signal. Then, a por- 
tion of the fuel that has flowed out from this inlet orifice 
nozzle passes through the outlet orifice nozzle and is 
circulated back to the fuel tank. Meanwhile, an amount 
of fuel equal to the difference between the fuel that has 
passed through the inlet orifice nozzle and the fuel that 
has passed through the outlet orifice nozzle is injected 
into the intake passage from the injection nozzle. Thus, 
since the fuel mixed with vapor is circulated back to the 
fuel tank before being metered by the inlet orifice nozzle, 
the control of the amount of fuel injected is stabilized, 
especially at high temperatures. 

[0022] Furthermore, the third electronically controlled 
fuel injection device of the present invention is an elec- 
tronically controlled fuel injection device which injects 
fuel into the intake passage of the engine, comprising a 
volume type electromagnetically driven pump which us- 
es electromagnetic force as a driving source, and which 
pressure-feeds fuel conducted from the fuel tank, a cir- 
culation passage which circulates fuel that has been 
pressurized to a specified pressure or greater in a spec- 



6 

ified initial region of the pressure-feeding stroke per- 
formed by the electromagnetically driven pump back in- 
to the fuel tank, a valve body which blocks the circulation 
passage in the later region of the pressure-feeding 
5 stroke other than the initial region, an inlet orifice nozzle 
which has an orifice part that allows the passage of fuel 
pressurized to a specified pressure in the later region of 
the pressure-feeding stroke, an injection nozzle which 
injects the fuel that has passed through the inlet orifice 
nozzle into the intake passage in cases where [the pres- 
sure of this fuel] is equal to or greater than a specified 
pressure, and control means for controlling the electro- 
magnetically driven pump in response to the engine cy- 
cle. 

[0023] In this construction, fuel mixed with vapor 
which is pressurized to a specified pressure or greater 
in the initial stage of the pressure-feeding stroke per- 
formed by the electromagnetically driven pump is circu- 
lated back into the fuel tank via the circulation passage. 
Furthermore, in the later region of the pressure-feeding 
stroke, the valve body blocks the circulation passage, 
so that the pressure of the fuel is elevated to a specified 
pressure, and the fuel passes through the inlet orifice 
nozzle and is adjusted (metered) to a flow rate (pres- 
sure) that corresponds to the driving signal. Then, when 
the fuel that has flowed out from this inlet orifice nozzle 
reaches a specified pressure or greater, this fuel is in- 
jected into the intake passage from the injection nozzle. 
Thus, since the fuel mixed with vapor is circulated back 
to the fuel tank before being metered by the inlet orifice 
nozzle, the control of the amount of fuel injected is sta- 
bilized, especially at high temperatures. 
[0024] In both of the abovementioned constructions, 
a construction may be employed in which the electro- 
magnetically driven pump has a cylindrical body that 
forms a fuel passage, a plunger which is disposed in 
tight contact with the inside of the passage of the cylin- 
drical body so that this plunger is free to perform a re- 
ciprocating motion within a specified range, and which 
sucks in fuel by moving in one direction and pressure- 
feeds this sucked-in fuel by moving in the other direc- 
tion, an elastic body which urges the plunger in the di- 
rection of the reciprocating motion, an outlet check valve 
which opens a fuel passage that communicates with the 
inlet orifice nozzle when the fuel that Is pressure-fed by 
the plunger reaches a specified pressure or greater, and 
a solenoid coil which applies an electromagnetic force 
to the plunger; the abovementioned circulation passage 
is formed so that this passage passes through the 
abovementioned plunger in the direction of the recipro- 
cating motion of the plunger, and a pressurizing valve is 
provided which is urged so that this valve blocks the cir- 
culation passage, and which opens when the pressure- 
fed fuel reaches a specified pressure or greater; and the 
abovementioned valve body consists of a spill valve 
which is disposed in a manner that allows this valve to 
perform a reciprocating motion in the direction of the re- 
ciprocating motion of the plunger, so that the circulation 
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passage is opened in the initial region of the pressure- 
feeding stroke and blocked in the later region of the 
pressure-feeding stroke, and so that the outlet check 
valve is opened at an intermediate point in this later re- 
gion. 

[0025] Furthermore, in both of the abovementioned 
constructions, a construction may be employed in which 
the electromagnetically driven pump has a cylindrical 
body that forms a fuel passage, a plunger which is dis- 
posed in tight contact with the inside of the passage of 
the cylindrical body so that this plunger is free to perform 
a reciprocating motion within a specified range, and 
which sucks in fuel by moving in one direction and pres- 
sure-feeds this sucked-in fuel by moving in the other di- 
rection, an elastic body which urges the plunger in the 
direction of the reciprocating motion, an outlet check 
valve which opens a fuel passage that communicates 
with the inlet orifice nozzle when the fuel that is pres- 
sure-fed by the plunger reaches a specified pressure or 
gi eater, and a solenoid coil which applies an electro- 
magnetic force to the plunger; the abovementioned cir- 
culation passage is formed on the outside of the cylin- 
drical body: a pressurizing valve which is driven so that 
this valve blocks the circulation passage, and which 
opens the circulation passage when the fuel that is pres- 
sure-fed by the plunger reaches a specified pressure or 
greater, is installed on the circulation passage; a spill 
port which communicates with the circulation passage 
is formed in the abovementioned cylindrical body; and 
the aoovementioned valve body consists of the above- 
mentioned plunger, which opens the spill port in the in- 
itial region of the pressure-feeding stroke, and closes 
the spill port in the later region of the pressure-feeding 
stroke. 

[0026] In this construction, when the fuel that is 
sucked in in the initial region of the pressure-feeding 
stroke performed by the plunger reaches a specified 
pressure or greater, the pressurizing valve opens the cir- 
culation passage that is formed on the outside of the 
cylindrical body, so that fuel mixed with vapor flows out 
from the spill port formed in the side wall of he cylindrical 
body, and is circulated back to the fuel tank. Then, when 
the plunger moves further and enters the later region of 
the pressure-feeding stroke, (the outer circumferential 
surface of) this plunger blocks the spill port, and the fuel 
is further pressurized. Then, when the fuel is pressu- 
rized to a specified pressure or greater, the outlet check 
valve opens the fuel passage, so that the pressurized 
fuel passes through the inlet orifice nozzle. 
[0027] In the constructions of the abovementioned 
second and third electronically controlled fuel injection 
devices, a construction may be employed in which the 
circulation passage is formed so that the fuel is circulat- 
ed in the opposite direction from the direction of injection 
of the fuel by the injection nozzle. 
[0028] In this construction, since circulation is per- 
formed in the opposite direction from the direction of in- 
jection of the fuel, the vapor that is mixed with the fuel 



can be positively expelled. Especially in cases where 
the injection direction is oriented substantially down- 
ward in the vertical direction, the circulation direction is 
oriented substantially upward in the vertical direction; 
5 accordingly, the vapor is positively expelled by buoyan- 
cy. 

[0029] In the constructions of the abovementioned 
first and second electronically controlled fuel injection 
devices, a construction may be employed in which the 
10 injection nozzle has a cylindrical body which demar- 
cates a fuel passage that communicates with the above- 
mentioned inlet orifice nozzle and outlet orifice nozzle, 
a valve body which is disposed so that this valve body 
is free to perform a reciprocating motion inside the cy- 
'5 lindrical body : and which opens and closes the fuel in- 
jection passage, and an urging spring which urges the 
valve body by means of a specified urging force so that 
the fuel injection passage is blocked. 
[0030] In this construction, fuel at a specified pressure 
20 flows into the cylindrical body from the inlet orifice noz- 
zle; meanwhile, fuel at a specified flow rate flows out 
from the outlet orifice nozzle and is circulated back into 
the fuel tank. Here, when the fuel that flows in from the 
inlet orifice nozzle increases so that the pressure inside 
25 the cylindrical body is increased, the valve body moves 
against the urging force of the urging spring and opens 
the injection passage, so that fuel is injected from the 
injection nozzle. As a result, the pressure inside the cy- 
lindrical body is maintained at a constant value. Specif- 
ic ically, an amount of fuel equal to the difference between 
the fuel that has flowed in from the inlet orifice nozzle 
and the fuel that has flowed out from the outlet orifice 
nozzle is injected from the injection nozzle as injected 
fuel. 

35 [0031] In the construction of the abovementioned 
third electronically controlled fuel injection device, a 
construction may be employed in which the injection 
nozzle has a cylindrical body which demarcates a fuel 
passage that conducts fuel that has flowed in from the 

40 inlet orifice nozzle, a valve body which is disposed so 
that this valve body is free to perform a reciprocating 
motion inside the cylindrical body, and which opens and 
closes the fuel injection passage, and an urging spring 
which urges the valve body by means of a specified urg- 

45 ing force so that the fuel injection passage is blocked. 
[0032] In this construction, fuel at a specified pressure 
flows into the cylindrical body from the inlet orifice noz- 
zle, and which the pressure inside this cylindrical body 
further rises to a specified pressure : the valve body 

50 moves against the urging force of the urging spring and 
opens the injection passage, so that fuel is injected from 
the injection nozzle. 

[0033] In the abovementioned construction, a con- 
struction may be employed in which an assist air pas- 
55 sage that allows the passage of assist air used to assist 
in the atomization of the injected fuel is formed in the 
injection nozzle. 

[0034] In this construction, when fuel is injected from 
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the injection nozzle, air that is caused to jet through the 
assist air passage agitates the injected fuel so that at- 
omization of the injected fuel is promoted. 
[0035] Furthermore, in the abovementioned construc- 
tion, a construction may be employed in which adjust- 
ment means for adjusting the urging force of the urging 
spring are installed in the injection nozzle. 
[0036] In this construction, the opening pressure (re- 
lief pressure) of the valve body is adjusted to the desired 
value by appropriately adjusting the urging force of the 
urging spring using the adjustment means. 
[0037] In the constructions of the abovementioned 
first and second electronically controlled fuel injection 
devices, a construction may be employed in which a 
back-flow preventing valve which prevents back flow in 
the fuel passage is installed in the injection nozzle. 
[0038] In this construction, the pressure of the fuel in- 
side the fuel passage on the upstream side of the back- 
flow preventing valve is raised and maintained at a spec- 
ified value, so that the generation of vapor is sup- 
pressed. Furthermore, the back flow of vapor conducted 
toward the outlet orifice nozzle on the downstream side 
from the fuel passage is prevented, so that the dis- 
charge of vapor is efficiently performed. 
[0039] In the abovementioned construction, a con- 
struction may also be employed in which an adjuster that 
adjusts the opening pressure of the abovementioned 
back-flow preventing valve is installed in the injection 
nozzle. 

[0040] In this construction, the opening pressure of 
the back-flow preventing valve is adjusted to an appro- 
priate desired value by adjusting the adjuster. 
[0041] In the constructions of the abovementioned 
first and second electronically controlled fuel injection 
devices, a construction may be employed in which a fuel 
passage that communicates with the inlet orifice nozzle 
and outlet orifice nozzle is formed in the injection nozzle 
as a passage that passes through the vicinity of the in- 
jection passage that is opened and closed by the valve 
body, and allows fuel to flow in one direction. 
[0042] In this construction, the fuel that has flowed in 
from the inlet orifice nozzle is conducted to the vicinity 
of the injection passage that is opened and closed by 
the valve body, and is injected as necessary; further- 
more, the fuel that is not injected flows toward the outlet 
orifice nozzle on the downstream side. Thus, as a result 
of the fuel forming a one-way flow, the accumulation of 
vapor is prevented; furthermore, the injection nozzle is 
cooled by the fuel. 

[0043] In the abovementioned construction, a con- 
struction may be employed in which the electrornagnet- 
ically driven pump and injection nozzle are joined as an 
integral unit. 

[0044] In this construction, the electromagnetically 
driven pump and injection nozzle are treated as a single 
module as in conventional injectors; this contributes to 
convenience in terms of handling. 
[0045] In the abovementioned construction, a con- 



struction in which at least two elements, i. e., the current 
that flows through the solenoid coil of the electromag- 
netically driven pump and the time for which this current 
flows, are used as control parameters may be used as 

5 the control means. 

[0046] In this construction, at least two elements, i.e., 
the current that flows through the solenoid coil, i. e., the 
pressure of the fuel into which this current is converted 
via the electromagnetic force, and the time for which this 

10 current flows, are used as control parameters; accord- 
ingly, compared to conventional single-element control 
using time only, a desired precise fuel injection pattern 
can be formed; furthermore, the control width is in- 
creased, and the transient response characteristics are 

15 also advantageous. 

[0047] In the construction of the abovementioned 
third electronically controlled fuel injection device, a 
construction may be employed in which the control 
means use only the time for which current is caused to 

20 flow through the electromagnetically driven pump as a 
control parameter. 

[0048] In this construction, a pressure-feeding opera- 
tion of fuel from which vapor has been expelled before- 
hand by the plunger is performed by causing a prede- 

25 termined current to flow for a specified period of time, 
so that fuel at a relatively high pressure passes through 
the inlet orifice nozzle. Accordingly, the inlet orifice noz- 
zle can be used in a region of good linearity. Further- 
more, the fuel that is metered by being passed through 

30 the inlet orifice nozzle is further raised to a specified 
pressure so that the valve body opens the injection pas- 
sage and fuel is injected. 

[0049] In the constructions of the abovementioned 
first and second electronically controlled fuel injection 

35 devices, a construction may be used in which the control 
means drive the electromagnetically driven pump by su- 
perimposed driving in which an auxiliary pulse that is 
smaller than a specified level is superimposed on a fun- 
damental pulse consisting of a current of this specified 

40 level. 

[0050] In this construction, when the electromagneti- 
cally driven pump is driven, the pump is driven with an 
auxiliary pulse superimposed on the fundamental pulse; 
accordingly, the amount of fuel that is circulated from 
45 the outlet orifice nozzle is increased, and the admixed 
vapor is efficiently expelled. 

[0051 ] Furthermore, in the abovementioned construc- 
tion, a construction in which the solenoid coil is powered 
at least during the pressure-feeding stroke of the plung- 

50 er that forms a part of the electromagnetically driven 
pump may be employed as the control means. 
[0052] In this construction, the plunger is caused to 
initiate the pressure-feeding operation by the excitation 
of the solenoid coil so that fuel is discharged. Here, the 

55 amount of fuel that is discharged and the mixing condi- 
tions (uniform mixing or non-uniform mixing) can be pre- 
cisely controlled by appropriately adjusting the current 
that is passed through in this case and the time for which 
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this current is passed through. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] 

Fig. 1 is a schematic structural diagram which illus- 
trates the overall construction of the electronically 
controlled fuel injection device of the present inven- 
tion; 

Fig. 2 is a sectional view which illustrates the sche- 
matic construction of a plunger pump used as the 
electromagnetically driven pump that constitutes a 
part of the electronically controlled fuel injection de- 
vice; 

Fig. 3 is a sectional view which illustrates the con- 
struction of the injection nozzle, inlet orifice nozzle, 
outlet orifice nozzle and assist air passage that con- 
stitute parts of the electronically controlled fuel in- 
jection device; 

Fig. 4 is a characteristic diagram which shows the 
flow rate characteristics of the inlet orifice nozzle; 
Fig. 5 is a diagram which shows the characteristics 
of the discharge amount relative to the driving cur- 
rent of the electronically controlled fuel injection de- 
vice; 

Fig. 6 shows the characteristics of the discharge 
amount relative to the control pulse width of the 
electronically controlled fuel injection device, Fig. 6 
(a) being a characteristic diagram showing the dis- 
charge amount per unit time, and Fig. 6 (b) being a 
characteristic diagram showing the discharge 
amount per shot; 

Fig. 7 is a schematic diagram illustrating an embod- 
iment in which the plunger pump and injection noz- 
zle that constitute parts of the electronically control- 
led fuel injection device are constructed as an inte- 
gral unit; 

Fig. 8 is a sectional view of the plunger pump and 
injection nozzle shown in Fig. 7; 
Fig. 9 is a partial sectional view of the plunger pump 
and injection nozzle shown in Fig. 7; 
Fig. 10 is a partial sectional view showing the ad- 
justment means used in the embodiment shown in 
Fig. 7; 

Fig. 1 1 Is a sectional view showing another embod- 
iment of the injection nozzle: 

Fig. 1 2 is a sectional view showing another embod- 
iment of the injection nozzle; 

Fig. 1 3 is a sectional view showing another embod- 
iment of the injection nozzle; 

Fig. 14 is a schematic diagram showing one em- 
bodiment of the electronically controlled fuel injec- 
tion device of the present invention; 
Fig. 15 is a sectional view showing the plunger 
pump and injection nozzle used in the concrete re- 
alization of the system shown in Fig. 14; 
Fig. 16 is a partial enlarged sectional view of the 



construction shown in Fig. 15; 
Fig. 1 7 is a sectional view showing another embod- 
iment constituting a concrete realization of the sys- 
tem shown in Fig. 14; 
5 Fig, 18 is a schematic diagram showing one em- 
bodiment of the electronically controlled fuel injec- 
tion device of the present invention; 
Fig. 19 is a partial enlarged sectional view showing 
the plunger pump and injection nozzle used in the 
concrete realization of the system shown in Fig. 18; 
Fig. 20 shows the conditions of fuel supply in the 
electronically controlled fuel injection device in 
schematic terms, Fig. 20 (a) being a schematic di- 
agram showing non-uniform mixing conditions, and 
Fig. 20 (b) being a schematic diagram showing uni- 
form mixing conditions; 

Fig. 21 is a schematic diagram which illustrates two- 
element control used in the control of a conventional 
electromagnetically driven pump; 
Fig. 22 shows a continuous pulse control pattern 
obtained by superimposed driving in the control of 
the electromagnetically driven pump; and 
Fig. 23 is a schematic structural diagram which 
shows the overall construction of a conventional 
electronically controlled fuel injection device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0054] Fig. 1 is a schematic structural diagram which 
illustrates one embodiment of the first electronically con- 
trolled fuel injection device of the present invention. As 
is shown in Fig. 1 , the electronically controlled fuel in- 
jection device of this embodiment comprises, as basic 
constituent elements, a plunger pump 30 used as an 
electromagnetically driven pump that pressure-feeds fu- 
el in the fuel tank 20 of a two-wheeled vehicle, an injec- 
tion nozzle 50 which injects fuel into the intake passage 
21a of the intake manifold 21 that forms a part of the 
engine, an inlet orifice nozzle 60 which is disposed on 
the downstream side of the plunger pump 30 and the 
upstream side of the injection nozzle 50 : and which is 
integrally joined to the injection nozzle 50, an outlet or- 
ifice nozzle 70 which is disposed between the injection 
nozzle 50 and the fuel tank 20, and which is integrally 
joined to the injection nozzle 50, and a driver 80 and 
control unit (ECU) 90 used as control means that send 
control signals to the plunger pump 30 and the like on 
the basis of engine operating information. 
[0055] Furthermore, as other constituent elements, 
the electronically controlled fuel injection device also 
comprises a sensor which is used to detect the operat- 
ing conditions of the engine, a rotational speed sensor 
which detects the rotational speed of the crankshaft, a 
water temperature sensor which detects the tempera- 
ture of the engine coolant-water, a pressure sensor 
which detects the pressure of the intake air inside the 
intake passage 21 a, and a throttle opening sensor which 
is connected to the intake manifold 21, and which de- 
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tects the degree of opening of the throttle valve 101 in 
the throttle body 1 00 that forms a part of the intake pas- 
sage 21a (none of these sensors is shown in the fig- 
ures). 

[0056] In addition, the electronically controlled fuel in- 
jection device may also comprise an 0 2 sensor that de- 
tects the amount o oxygen in the exhaust manifold, an 
air flow rate sensor that detects the air flow rate in the 
intake passage, and an intake air temperature sensor 
that detects the temperature of the intake air inside the 
intake passage (none of these sensors is shown in the 
figures). 

[0057] Here : to describe the fuel path, the fuel tank 20 
and inlet orifice nozzle 60 are connected by a fuel feed 
pipe 110. and a low-pressure filter 120 and plunger 
pump 30 are connected in an in-line configuration at in- 
termediate points in this fuel feed pipe 110 in that order 
from the upstream side. 

[0058] Accordingly, fuel that has passed through a fu- 
el filter (not shown in the figures) disposed inside the 
fuel tank 20 ; and the low-pressure filter 1 20, is pressure- 
fed by the plunger pump 30, and passes through the 
inlet orifice nozzle 60, so that this fuel is supplied to the 
injection nozzle 50. 

[0059] Furthermore, the outlet orifice nozzle 70 and 
fuel tank 20 are connected by a fuel return pipe 1 30, and 
fuel at a specified flow rate (described later) is circulated 
by into the fuel tank 20 via this fuel return pipe 130. 
[0060] Thus, since a plunger pump 30 that can be in- 
stalled in-line is employed as a fuel supply system, the 
degree of freedom of layout or design is increased when 
this system is used in an engine that is mounted in a 
two-wheeled vehicle or the like; furthermore, since a 
conventional fuel tank and the like can be used "as is", 
the overall cost can be reduced. 
[0061 ] Here : to describe the plunger pump 30, this fu- 
el pump is an electromagnetically driven volume type 
pump. As is shown in Fig. 2, a core 32 is joined to the 
outer circumference of a cylinder 31 used as a cylindri- 
cal body that has a cylindrical shape, and a solenoid coil 
33 is wound around the outer circumference of this core 
32. A plunger 34 used as a movable body that has a 
specified length is inserted into the interior of the cylin- 
der 31 so that this plunger 34 is in tight contact with the 
cylinder 31 . and this plunger 34 is free to perform a re- 
ciprocating motion by sliding through the cylinder 31 in 
the axial direction. 

[0062] A fuel passage 34a which passes through the 
plunger 34 in the direction of the reciprocating motion of 
the plunger 34 (i. e., in the axial direction) is formed in 
the plunger 34; furthermore, an expanded part 34b in 
which the fuel passage 34a is expanded in the radial 
direction is formed at one end of the fuel passage 34a 
(the downstream end with respect to the direction of flow 
of the fuel). Moreover, a first check valve 35 and a first 
coil spring 36 that urges this first check valve 35 toward 
the upstream side, i. e , toward the fuel passage 34a, 
are disposed inside this expanded part 34b, and a stop- 



per 34c which forms a part of the plunger 34 and which 
has a fuel passage in the central portion of this stopper 
34c is engaged with the outside end portion of this ex- 
panded part 34b. One end of the first coil spring 36 is 

5 held by the end surface of this stopper 34c. 

[0063] Specifically, the fuel passage 34a of the plung- 
er is ordinarily blocked by the first check valve 35 urged 
by the first coil spring 36; then, when a pressure differ- 
ence equal to or greater than a specified value (pressure 

10 on the side of the fuel passage 34a > pressure on the 
side of the expanded part 34b) is generated in the spac- 
es on both sides of the first check valve 35 (fuel passage 
34a and expanded part 34b), the first check valve 35 
opens the fuel passage 34a. Furthermore, the first 

15 check valve 35 is not limited to a spherical valve as 
shown in the figures; a hemispherical valve or disk-form 
valve may also be used. Moreover, the material of the 
valve may be rubber or steel. 

[0064] Furthermore, a first supporting member 37 and 
20 second supporting member 38 are respectively mount- 
ed on both end portions of the cylinder31 . A second coil 
spring 39 is disposed between the first supporting mem- 
ber 37 and one end portion of the plunger 34, and a third 
coil spring 40 is disposed between the second support- 
's ing member 38 and the other end portion (stopper 34c) 
of the plunger 34. This second coil spring 39 and third 
coil spring 40 form elastic bodies that drive the plunger 
34 in the direction of the reciprocating motion. 
[0065] The first supporting member 37 is formed as a 
30 cylindrical body which has a flange part 37a that pro- 
trudes in the radial direction, and a fuel passage 37b is 
demarcated in the interior of this supporting member 37. 
This supporting member 37 is engaged inside the cylin- 
der 31 in a state in which the flange part 37a is caused 
35 to contact one end surface of the cylinder 31 . 

[0066] The second supporting member 38 is formed 
as a cylindrical body which has a flange part 38a, and 
is formed by an outside cylindrical part 38c inside which 
a fuel passage 38b is demarcated, and an inside cylin- 
^0 drical part 38d in which a fuel passage 38b is similarly 
demarcated, and which is engaged with the abovemen- 
tioned outside cylindrical part 38c. This outside cylindri- 
cal part 38c is engaged inside the cylinder 31 in" a state 
in which the flange part 38a is caused to contact the oth- 
45 er end surface of the cylinder 31 . 

[0067] Furthermore, a reduced-diameter part 38e is 
formed inside the outside cylindrical part 38c, and the 
third coil spring 40 is caused to contact one end surface 
of this reduced-diameter part 38e. Furthermore, a spot 
50 facing part 38f is formed inside the inside cylindrical part 
38, and a spherical second check valve 41 and a fourth 
coil spring 42 that urges this second check valve 41 to- 
ward the upstream side, i.e., toward the reduced-diam- 
eter part 38e, are disposed in the space demarcated by 
55 the end surface of this spot facing part 38f and the other 
end surface of the reduced-diameter part 38e. 
[0068] Specifically, the fuel passage 38b is ordinarily 
blocked by the second check valve 41 urged by the 
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fourth coil spring 42; then, when a pressure difference 
equal to or greater than a specified value (pressure on 
upstream side > pressure on downstream side) is gen- 
erated in the spaces on both sides of the second check 
valve 41 , the second check valve 41 opens the fuel pas- 
sage 38b. Furthermore, the second check valve 41 is 
not limited to a spherical valve as shown in the figures; 
a hemispherical valve or disk-form valve may also be 
used. Moreover, the material of the valve may be rubber 
or steel. 

[0069] Furthermore, an outside core 44 is joined to the 
outside of the first supporting member 37 and cylinder 
31 via an O-ring 43 so that this outside core 44 sur- 
rounds the first supporting member 37 and cylinder 31 . 
A fuel passage 44a which passes through the outside 
core 44 in the axial direction is formed in this outside 
core 44. and an inlet pipe 45 is engaged in the outside 
region of the outside core 44. 

[0070] Furthermore, an outside core 47 is joined to the 
outside of the second supporting member 38 and cylin- 
der 31 via an O-ring 46 so that this outside core 47 sur- 
rounds the second supporting member 38 and cylinder 
31 . A fuel passage 47a which passes through the out- 
side core 47 in the axial direction is formed in this outside 
core 47, and an outlet pipe 48 is engaged in the outside 
region of the outside core 47. 

[0071] In the above construction, the overall fuel pas- 
sage is formed by the internal passage of the inlet pipe 
45, the fuel passage 44a of the outside core 44, the fuel 
passage 37b of the first supporting member 37, the in- 
ternal passage of the cylinder 31 , the fuel passage 34a 
of the plunger 34, the fuel passage 38b of the second 
supporting member 38, the fuel passage 47a of the out- 
side core 47, and the internal passage of the outlet pipe 
48. 

[0072] Furthermore, in the abovementioned construc- 
tion, in the resting state in which the solenoid coil 33 is 
not powered, the plunger 34 is stopped in a position in 
which the urging forces of the mutually antagonistic sec- 
ond coil spring 39 and third coil spring 40 are balanced 
(i. e., in the resting position shown in Fig. 2), so that an 
upstream space Su which contains the second coil 
spring 39 and a downstream space Sd which contains 
the third coil spring 40 are demarcated. 
[0073] Furthermore, both end portions of the plunger 
34 are supported by the second coil spring 39 and third 
coil spring 40; accordingly, the generation of a percus- 
sive noise or the like caused by the impact of the plunger 
34 can be prevented. 

[0074] In the abovementioned resting state, when the 
solenoid coil 33 is powered so that an electromagnetic 
force is generated, the plunger 34 is drawn toward the 
downstream side (toward the right side in Fig. 2) against 
the urging force of the third coil spring 40, and initiates 
an advancing motion. As a result of the advancing mo- 
tion of this plunger 34, the fuel that is sucked into the 
downstream-side space Sd begins to be compressed; 
then, at the point in time where the pressure reaches a 



specified pressure, the second check valve 41 opens 
the fuel passage 38b against the urging force of the 
fourth coil spring 42. As a result, the fuel filling the down- 
stream-side space Sd is discharged at a specified pres- 

5 sure via the outlet pipe 48. 

[0075] Furthermore, when the plunger 34 has moved 
a specified distance, and the power to the solenoid coil 
33 is switched off so that the advancing motion is com- 
pleted, or when the power is switched off immediately 

10 after instantaneous powering for the purpose of starting, 
so that the advancing motion of the plunger 34 is com- 
pleted in balance with the urging force of the third coil 
spring 40, the second check valve 41 simultaneously 
blocks the fuel passage 38b. 

15 [0076] Then, the plunger 34 is caused to initiate a re- 
turn motion toward the upstream side (toward the left 
side in Fig. 2) by the urging force of the third coil spring 
40, which has been heightened by compression. At this 
time, the upstream-side space Su is contracted, and the 

20 downstream-side space Sd is expanded. Furthermore, 
since the second check valve 41 has blocked the fuel 
passage 38b, the pressure in the downstream-side 
space Sd drops. 

[0077] Then, at the point in time where the pressure 
25 in the upstream-side space Su exceeds a specified val- 
ue relative to the pressure in the downstream-side 
space Sd, the first check valve 35 opens the fuel pas- 
sage 34a against the urging force of the first coil spring 
36. As a result, the fuel in the upstream-side space Su 
30 is sucked into the downstream-side space Sd via the 
fuel passage 34a. 

[0078] In the driving of the plunger 34, as was de- 
scribed above, the solenoid coil 33 is powered during 
the advancing motion of the plunger 34, so that the 

35 plunger 34 initiates this advancing motion and discharg- 
es fuel. In this case, the amount of fuel that is discharged 
and the conditions of mixing (uniform mixing or non-uni- 
form mixing) can be precisely controlled by appropriate- 
ly adjusting the current that powers the solenoid coil 33 

40 and the time for which the solenoid coil 33 is powered. 
[0079] Furthermore, the abovementioned driving 
method is a powered discharge method in which fuel is 
discharged when the solenoid coil 33 is powered; how- 
ever, it would also be possible to perform a non-powered 

45 discharge (spring feed-out) in which fuel is sucked in 
when the solenoid coil 33 is powered, and discharged 
by the urging force of the second coil spring 39 when 
the solenoid coil 33 is not powered. 
[0080] The driving method used for the plunger pump 

50 30 will be described in detail later; for example, a pulse 
driving control method such as constant- voltage fall 
control, pulse width modulation (PWM) control or the like 
can be used. 

[0081 ] In cases where a plunger pump 30 of the type 
55 described above is used, no particles of wear debris 
from motor brushes or the like are generated. Accord- 
ingly, there is no need for a high-pressure filter on the 
downstream side as in conventional devices, so that the 
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cost of the overall apparatus can be decreased by a cor- 
responding amount. 

[0082] As is shown In Fig. 3, the injection nozzle 50 
comprises a cylindrical body 51 which demarcates a fuel 
passage 51a that communicates with the inlet orifice 
nozzle 60 and outlet orifice nozzle 70, a poppet valve 
body 52 which is disposed inside the cylindrical body 51 
so that this poppet valve body 52 is free to perform a 
reciprocating motion, and which opens and closer, a fuel 
injection passage 51b, and an urging spring 53 which 
urges the poppet valve body 52 with a specified urging 
force so that the fuel injection passage 51 b is ordinarily 
blocked. Furthermore, the injection passage 51b is de- 
marcated by a tubular guide part 51b' which guides the 
poppet valve body 52 in the direction of the reciprocating 
motion. 

[0083] Furthermore, the injection nozzle 50 compris- 
es an outside cylindrical body 54 which is fit over the 
cylindrical body 51 so that this outside cylindrical body 
54 surrounds the outside of the cylindrical body 51 . An 
attachment part 54a which is used to attach the outlet 
orifice nozzle 70, an attachment part 54b which is used 
to attach an assist air orifice nozzle 55 that allows the 
passage of air that assists in the atomization of the in- 
jected fuel, and an injection port 54c located in the tip 
end portion of the outside cylindrical body 54, are 
formed in the outside cylindrical body 54. 
[0084] Furthermore, an annular space with a speci- 
fied gap is formed between the inside wall of this outside 
cylindrical body 54 and the outside wall of the cylindrical 
body 51, and this annular space and a passage inside 
the attachment part 54b that communicates with this an- 
nular space form an assist air passage 54d that allows 
the passage of assist air. 

[0085] A female screw part 51a' is formed in the up- 
per-end region of the abovementioned cylindrical body 
51 , and the inlet orifice nozzle 60 is joined to this female 
screw part 51a' by screw engagement. As is shown in 
Fig. 3, a passage 61 that allows the passage of fuel that 
is pressure-fed from the plunger pump 30 is formed in 
this inlet orifice nozzle 60 (metering jet); furthermore, a 
portion of this passage 61 is constricted to specified di- 
mensions so that an orifice part 62 is formed. 
[0086] The inlet orifice nozzle 60 with the abovemen- 
tioned construction detects the flow rate of the fuel pass- 
ing through by the pressure difference before and after. 
As is shown in Fig. 4, the characteristics of this inlet or- 
ifice nozzle 60 are as follows: specifically, in the small- 
flow- rate region where the flow rate is small, the rate of 
change in the pressure difference shows a dull aspect, 
i. e., nonlinearity, while in the large-flow-rate region 
where the flow rate is large, the rate of change in the 
pressure difference shows a sharp aspect, i. e., good 
linearity. 

[0087] The outlet orifice nozzle 70 is joined by screw 
engagement to the attachment part 54a of the above- 
mentioned outside cylindrical body 54. As is shown in 
Fig. 3, a passage 71 that allows the passage of at least 



some of the fuel that flows into the fuel passage 51 a of 
the injection nozzle 50 from the inlet orifice nozzle 60 is 
formed in this outlet orifice nozzle 70 (circulating jet). 
Furthermore, a portion of this passage 71 is constricted 
5 to specified dimensions so that an orifice part 72 is 
formed. 

[0088] The outlet orifice nozzle 70 with the above- 
mentioned construction acts to apply a bias to the flow 
rate [of the fuel] flowing through the inlet orifice nozzle 

10 60 so that the abovementioned region where the rate of 
change in the pressure difference of the inlet orifice noz- 
zle 60 is dull (i. e., the region of strong nonlinearity) is 
not used. Specifically, as is shown in Fig. 4, in a case 
where fuel at a flow rate of Qin flows in from the inlet 

'5 orifice nozzle 60, fuel (return fuel) up to a flow rate of 
Qret corresponding to the point P0 is caused to flow from 
the outlet orifice nozzle 70, and is circulated back into 
the fuel tank 20. 

[0089] Accordingly, at the stage in which the pressure 
20 inside the fuel passage 51a exceeds P0, fuel at a flow 
rate of Qout, which corresponds to the difference be- 
tween the flow rate Qin [of the fuel] flowing in from the 
inlet orifice nozzle 60 and the flow rate Qret [of the fuel] 
flowing out from the outlet orifice nozzle 70, is injected 
25 from the injection port 54c of the injection nozzle 50 as 
injected fuel. 

[0090] Furthermore, the abovementioned point P0 
(origin) can be set at a desired position by appropriately 
setting the dimensions of the orifice part 72 of the outlet 
30 orifice nozzle 70 and the initial urging force of the urging 
spring 53. In this way, furthermore, the initial injection 
pressure of the injected fuel can be appropriately set. 
[0091 ] To describe the flow of the fuel further with ref- 
erence to Fig, 3, the fuel that is pressure-fed at a spee- 
ds jfied pressure from the plunger pump 30 first passes 
through the inlet orifice nozzle 60 , and flows into the 
fuel passage 51 a of the injection nozzle 50 at a flow rate 
of Qin. 

[0092] Meanwhile, some of the fuel that flows into this 

40 fuel passage 51a passes through the passage 51c 
formed in the side walls of the cylindrical body 51 and 
the passage 54a" formed in the outside cylindrical body 
54, and flows out from the outlet orifice nozzle 70 at a 
flow rate of Qret, so that this fuel is circulated back into 

45 the fuel tank 20. 

[0093] Here, when the pressure inside the fuel pas- 
sage 51a of the injection nozzle 50 exceeds a specified 
value P0, the poppet valve body 52 is pushed downward 
against the urging force of the urging spring 53. so that 

50 the fuel passage 51b is opened. At the same time, the 
fuel filling the fuel passage 51 a passes through the pas- 
sage around the urging spring 53, and flows into the fuel 
passage 51b via the passage 51 d formed in the guide 
part 51 b', and further flows along the outer circumferen- 

55 tial surface of the poppet valve body 52 so that this fuel 
is injected into the intake passage of the engine from 
the injection port 54c. 

[0094] Furthermore, the airthat is conducted from the 
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air cleaner is caused to pass through the assist air orifice 
nozzle (assist air jet) 55 by the suction negative pres- 
sure inside the intake passage 21 a, and is thus conduct- 
ed into the assist air passage 54d; this air is further 
caused to jet from the injection port 54c. In this case, 
this jetting assist air agitates the injected fuel, so that an 
atomization similar to that of a carburetor is realized. 
[0095] In the fuel supply system consisting of the 
abovementioned plunger pump 30, inlet orifice nozzle 
60, injection nozzle 50 and outlet orifice nozzle 70, the 
fuel (return fuel) that is caused to flow out from the outlet 
orifice nozzle 70 is set as the bias amount of the inlet 
orifice nozzle 60. Accordingly, a relatively small amount 
is sufficient, and as a result, the plunger pump 30 need 
not be a large -capacity pump. 

[0096] Accordingly, power consumption can be re- 
duced; furthermore, the vapor that is generated espe- 
cially at high temperatures in the fuel that flows out from 
the outlet orifice nozzle 70 can be positively expelled. 
As a result, the fuel injection characteristics at high tem- 
peratures can be improved. 

[0097] Here : the characteristics shown in Fig. 5 are 
obtained as one example of the flow rate characteristics 
in the fuel supply system having the abovementioned 
construction. Fig. 5 shows the relationship of the amount 
of discharged to the driving current in a case where the 
driving current is set at (for example) 1 00 Hz in the con- 
stant-voltage falling-pulse driving of the plunger pump 
30. 

[0098] As is clear from Fig. 5, the relationship be- 
tween the amount of discharge and the driving current 
that powers the solenoid coil 33 shows good linear pro- 
portionality. Accordingly, a desired injection flow rate 
Qout can be obtained by appropriately setting the value 
of the driving current. 

[0099] Furthermore, the characteristics shown in Fig. 
6 are obtained as one example of the characteristics of 
the injection flow rate Qout in a cases where the pulse 
width (msec) used in the pulse driving of the plunger 
pump 30 is varied. Here, Fig. 6 (a) shows the amount of 
discharge per unit time (1/h) in a case where the driving 
frequency is 100 Hz, and Fig. 6 (b) shows the amount 
of discharge per shot (cc/st) in a case where the driving 
frequency is 100 Hz. 

[0100] As is clear from Fig. 6, the relationship be- 
tween the pulse width and amount of discharge shows 
good linear proportionality. Accordingly, a desired injec- 
tion flow rate Qout can be obtained by appropriately set- 
ting the pulse width, i. e., the powering time, and the 
current value. Consequently, the injection flow rate can 
be controlled as necessary. 

[0101] Figs. 7 through 10 illustrate another embodi- 
ment of the electronically controlled fuel injection device 
of the present invention. In this embodiment, the above- 
mentioned plunger pump and injection nozzle are joined 
into an integral unit, so that these parts can be handled 
as a single module; furthermore, adjustment means for 
adjusting the valve opening pressure (relief pressure) of 



the injection nozzle are provided. 
[0102] Specifically, in the plunger pump 300, as is 
shown in Fig. 8, a spacer 310 is installed instead of the 
outside core 47 and outlet pipe 48 that form the above- 
s mentioned plunger pump 30. An inlet orifice nozzle 60 
is attached to the internal passage of this spacer 310; 
one end portion 31 1 of this spacer 31 0 is fastened to the 
pump main body 310, and a female screw part 312' is 
formed in the other end portion 31 2. Furthermore, a long 
outside core 320 is installed instead of the outside core 
44 and inlet pipe 45 that form the abovementioned 
plunger pump 30, and one end portion 321 of this out- 
side core 320 is fastened to the pump main body 301. 
[0103] Furthermore, as is shown in Fig. 8, the injection 
nozzle 500 comprises a cylindrical body 510 which de- 
marcates a fuel passage 51 0a, a tubular guide member 
520 which is disposed inside this cylindrical body 510, 
a tubular retaining member 530 which is inserted into 
this guide member 520 so that this tubular retaining 
member 530 is free to perform a reciprocating motion, 
a poppet valve body 540 which is disposed inside this 
retaining member 530 so that this poppet valve body 
540 is free to perform a reciprocating motion, and which 
opens and closes the fuel injection passage 520a, and 
an urging spring 550 which is held in the retaining mem- 
ber 530, and which urges the poppet valve body 540 
with a specified urging force so that the injection pas- 
sage 520a is ordinarily blocked. Moreover, this urging 
spring 550 contacts a stopper 541 that is attached to the 
upper end portion of the poppet valve body. 540, so that 
the upward movement of the urging spring 550 is re- 
stricted. 

[0104] Furthermore, as is shown in Fig. 9, a passage 
510b which communicates with the fuel passage 510a 
is formed in the outer circumferential portion of the cy- 
lindrical body 510, and as is shown in Figs. 7 and 9, an 
outlet orifice nozzle 70 is joined to the outside region of 
this passage 510b by screw engagement. Furthermore, 
as is shown in Figs. 7 and 8, a pipe 511 to which the 
assist air orifice nozzle 55 that allows the passage of 
assist air that assists in the atomization of the injected 
fuel is attached is press-fitted in the outer circumferen- 
tial part of the cylindrical body 510, and an injection port 
51 2 is formed in the tip end portion of the cylindrical body 
510. 

[0105] Furthermore, an annular space with a speci- 
fied gap is formed between the inside wall of this cylin- 
drical body 510 and the outside wall of the guide mem- 
ber 520, and this annular space and a passage inside 
the pipe 51 1 that communicates with this space form an 
assist air passage 513 that allows the passage of assist 
air. 

[01 06] As is shown in Fig. 8, a female screw part 51 0a' 
is formed in the upper end region of the abovementioned 
cylindrical body 510, and the other end portion 312 of 
the spacer 310 of the abovementioned plunger pump 
300 is screw-engaged with this female screw part 51 0a' , 
so that the plunger pump 300 and injection nozzle 500 
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are joined into an integral unit. 

[01 07] As a result, both of these parts can be handled 
as a single module, so that the attachment work is cor- 
respondingly reduced; furthermore, the convenience of 
handling is increased. Furthermore, as is shown in Fig. 
7, the module formed by the integration of the plunger 
pump 300 and injection nozzle 500 may be formed with 
a configuration similar to that of a conventional electro- 
magnetic valve type injector 3, and the external dimei v 
sions may be set so that these dimensions are more or 
less comparable [to those of a conventional electromag- 
netic valve type injector 3]. Accordingly, as a result of 
such modulization, an integration of parts equivalent to 
the elimination of a conventional fuel pump 5 can be ac- 
complished. 

[01 08] As is shown in Figs. 8 and 1 0, an inclined part 

531 which opens in the form of a funnel is formed in the 
upper portion of the retaining member 530, and a hole 

532 thai permits the passage of fuel is formed in the bot- 
tom portion of the retaining member 530 that holds the 
urging spring 550. Furthermore, the tip end portion of 
an adjustment screw that is screwed into the side wall 
of the cylindrical body 510 contacts this" inclined part 
531. 

[0109] Accordingly, when the adjustment screw 560 
is screwed in, the retaining member 530 is lifted upward, 
so that the urging spring 550 is further compressed. As 
a result, the valve opening pressure of the poppet valve 
body 540 is set at a higher value. On the other hand, 
when the adjustment screw 560 is turned in the opposite 
direction and retracted, the retaining member 530 is 
pushed downward by the urging force of the urging 
spring 550, so that the urging spring 550 expands by a 
corresponding amount. As a result, the valve opening 
pressure of the poppet valve body 540 is set at a lower 
value. 

[0110] Adjustment means for adjusting the urging 
force of the urging spring 530, i. e. : the valve opening 
pressure (relief pressure), are formed by the abovemen- 
tioned adjustment screw 560 and retaining member 
530. 

[0111] As a result of the provision of such adjustment 
means, the valve opening pressure (relief) pressure can 
be adjusted even after the injection nozzle 500 is as- 
sembled; accordingly, this pressure can be set at vari- 
ous values as necessary, which is convenient from the 
standpoint of quality control. 

[0112] Fig. 11 shows an alteration of the fuel path in 
the injection nozzle 500 of the electronically controlled 
fuel injection device shown in Figs. 7 through 10. As is 
shown in Fig. 11, the injection nozzle 500' of this em- 
bodiment comprises a cylindrical body 510' which de- 
marcates a fuel passage 51 0a\ a tubular guide member 
520' which is disposed inside this cylindrical body 510', 
a tubular retaining member 530* whose outer circumfer- 
ential rim part at the lower end is guided by contact with 
the inside wall of this guide member 520', and which is 
inserted so that an annular gap is left [around this tubular 



retaining member 530'], a poppet valve body 540' which 
is disposed inside the retaining member 530' so that this 
poppet valve body 540' is free to perform a reciprocating 
motion, and which opens and closes the fuel injection 

5 passage 520a', and an urging spring 550' which is held 
in the retaining member 530', and which urges the pop- 
pet valve body 540* with a specified urging force so that 
the injection passage 520a' is ordinarily blocked. Fur- 
thermore, this urging spring 550* contacts a stopper 541 ' 

10 attached to the upper end portion of the poppet valve 
body 540', so that the upward movement [of this urging 
spring 550'] is restricted. 

[0113] As is shown in Fig. 1 1 , an outlet pipe 560* which 
demarcates a fuel return passage 560a' that communi- 
15 cates with the fuel passage 51 0a' is formed as an inte- 
gral part of the cylindrical body 51 0' in the outer circum- 
ferential portion of the cylindrical body 510', and the out- 
let orifice nozzle 70 is joined by screw engagement to 
the outside region of this outlet pipe 560'. 
[0114] Furthermore, as is shown in Fig. 11 , a pipe 511* 
to which the assist air orifice nozzle 55 that allows the 
passage of assist air that assists in the atomization of 
the injected fuel is attached is press-fitted in the outer 
circumferential part of the cylindrical body 510', and an 
injection port 512' is formed in the tip end portion of the 
cylindrical body 510V 

[0115] An annular space with a specified gap is 
formed between the inside wall of the cylindrical body 
51 0' and the outside wall of the guide member 520', and 
this annular space and a passage inside the pipe 511' 
that communicates with this space form an assist air 
passage 513' that allows the passage of assist air. 
[0116] A female screw part 5 10a" is formed in the up- 
per end region of the abovementioned cylindrical body 
51 0', and the other end portion 31 2 of the spacer 31 0 of 
the abovementioned plunger pump 300 is screw-en- 
gaged with this female screw part 510a", so that the 
plunger pump 300 and injection nozzle 500* are joined 
into an integral unit with a sealing member interposed. 
[0117] As is shown in Fig. 11, an inclined part 531' 
which opens in the form of a funnel, and a cylindrical 
part 532' which communicates with this inclined part 
53V, are formed in the upper portion of the retaining 
member 530'. The outer circumferential part 63 of the 
inlet orifice nozzle 60 is engaged with the cylindrical part 
532', so that the fuel that flows out from the inlet orifice 
nozzle 60 flows directly into the interior of the retaining 
member 530* before flowing into the fuel passage 51 Oa'. 
[01 18] Furthermore, a hole 533' which allows the pas- 
sage of fuel is formed in the bottom portion and one part 
of the side wall of the retaining member 530'. Accord- 
ingly, the fuel that is conducted to the upper end of the 
retaining member 530' from the plunger pump 300 via 
the inlet orifice nozzle 60 passes through the interior of 
the retaining member 530\ and is conducted to the tip 
end of the poppet valve body 540'. Then, this fuel is in- 
jected from the injection port 512' as necessary, and is 
positively conducted upward via an annular return pas- 
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sage 534' that is formed between the outside wall of the 
retaining member 530' and the inside wall of the guide 
member 520', and discharged into the outlet pipe 560' 
on the downstream side. 

[0119] As a result of using such a spill-back type in- 5 
jection nozzle, the flow of fuel runs in one direction. Ac- 
cordingly, even if vapor is generated on the tip end side 
of the poppet valve body 540', or even if vapor is en- 
trained on the tip end side of the poppet valve body 540', 
this vapor does not accumulate, but is efficiently ex- 10 
pelled via the annular return passage 534* along with 
the flow of the fuel or as a result of the rise of the vapor 
itself. Furthermore, since a fuel passage is formed as 
far as the tip end side of the injection nozzle 500', the 
cooling effect of the fuel is increased, so that the high- '5 
temperature characteristics in particular are improved. 
[0120] The tip end portion of an adjustment screw 
590' which is screwed into the side wall of the cylindrical 
body 510' is caused to contact the inclined part 531'. 
Accordingly, when the adjustment screw 590* is screwed 20 
in. the outer circumferential rim portion 535' of the lower 
end portion of the retaining member 530' is guided by 
the inside wall surface of the guide member 520', and 
the retaining member 530' is lifted upward, so that the 
urging spring 550' is further compressed. As a result, 25 
the valve opening pressure of the poppet valve body 
540' is set at a higher value. On the other hand, when 
the adjustment screw 590* is turned in the opposite di- 
rection and retracted, and retaining member 530' is 
pushed downward by the urging force of the urging so 
spring 550V so that the urging spring 550' expands by a 
corresponding amount. As a result, the valve opening 
pressure of the poppet valve body 540* is set at a lower 
value. ■ 

[0121] Adjustment means for adjusting the urging 35 
force of the urging spring 550', i. e., the valve opening 
pressure (relief pressure) are formed by the abovemen- 
tioned adjustment screw 590' and retaining member 
530'. As a result of the provision of such adjustment 
means, an effect similar to that described above is ob- 40 
tained. 

[0122] Fig. 12 shows another embodiment of the first 
electronically controlled fuel injection device of the 
present invention. In this embodiment, a diaphragm type 
injection nozzle 600 is used instead of the poppet valve 45 
type injection nozzles 50 and 500 described above. 
[01 23] As is shown in Fig. 1 2, the injection nozzle 600 
of this embodiment comprises a lower-side half-body 
610 and upper-side half-body 620 that form an outer 
contour, a tubular member 630 that is mounted inside so 
the lower-side half-body 610, a valve body 640 that is 
disposed inside the tubular member 630 so that this 
valve body 640 is free to perform a reciprocating motion, 
a coil spring 650 which urges the valve body 640 up- 
ward, a diaphragm 660 which is disposed so that this 55 
diaphragm 660 is clamped in the region of the joining 
surfaces of the two half-bodies 610 and 620, an urging 
spring 670 which is disposed on this diaphragm 660, 



and which urges the valve body 640 downward, a bot- 
tom-equipped sleeve 680 which is fit over a columnar 
projection 621 on the upper-side half-body 620 so that 
this sleeve 680 is free to perform a reciprocating motion , 
and which regulates the urging spring 670 by pressing 
against the urging spring 670 from above, and an ad- 
justment screw 690 which is screwed into the upper-side 
half-body 620 so that this adjustment screw 690 con- 
tacts the bottom part 681 of the bottom-equipped sleeve 
680. 

[01 24] A space is formed in the upper part of the low- 
er-side half-body 610, and this space is blocked by the 
diaphragm 660 so that a control chamber 610a is 
formed. An inlet pipe 611 and outlet pipe 61 2 are press- 
fitted so that these pipes communicate with this control 
chamber 61 0a; furthermore, an inlet orifice nozzle 60 is 
attached to this inlet pipe 611 , and an outlet orifice noz- 
zle 70 is attached to the outlet pipe 612. Furthermore, 
the tip end portion of the lower-side half-body 610 is 
formed so that the lower-side half-body 610 has a bot- 
tom, and an injection port 613 is formed substantially in 
the central portion of this bottom. 

[01 25] A fuel passage 630a which communicates with 
the control chamber 61 0a is formed in the tubular mem- 
ber 630, and a step part 631 is formed substantially in 
the central portion [of this fuel passage 630a] with re- 
spect to the vertical direction. The lower end of the coil 
spring 650 is seated on this step part 631 . 
[0126] An annular space with a specified gap is 
formed between the outer circumferential surface of the 
abovementioned tubular member 630 and the inner cir- 
cumferential surface of the lower-side half-body 610, 
and an assist air introduction pipe 61 4 to which an assist 
air orifice nozzle 55 is attached is press-fitted in the side 
wall of the lower-side half-body 610 so that this assist 
air introduction pipe 61 4 communicates with the above- 
mentioned annular space. Specifically, this annular 
space and the passage of the assist air introduction pipe 
614 form an assist air passage 615 used to allow the 
passage of assist air. 

[0127] The valve body 640 has a rod shape that is 
long in the vertical direction; an engaging part 641 is 
fastened to the upper region of this valve body 640, and 
the upper end of the coil spring 650 is engaged with this 
engaging part 641 . Furthermore, the lower end portion 
of the valve body 640 is formed so that this lower end 
portion opens and closes the fuel passage 630a. Spe- 
cifically, at the point in time where the valve body 640 
moves downward and makes contact, the fuel passage 
630a is blocked, and at the point in time where the valve 
body 640 moves upward and achieves separation, the 
fuel passage 630a is opened. 

[01 28] The diaphragm 660 has a contact part 661 that 
is located substantially in the central portion of the dia- 
phragm 660; this contact part 661 contacts the upper 
end of the valve body 640. Furthermore, the diaphragm 
660 is pushed downward by the urging force of the urg- 
ing spring 670, so that the contact part 661 is ordinarily 
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engaged with the upper end of the valve body 640. 
[01 29] A space which accommodates the abo vernen- 
tioned urging spring 670 and bottom-equipped sleeve 
680 is formed in the upper-side half-body 620, and this 
space communicates with an intermediate point of the 5 
fuel return pipe 130 connected to the outlet pipe 612, 
via a passage 622 formed in the side wall. 
[0130] Here : to describe the operation of the above- 
mentioned injection nozzle 600, the fuel that is pressure- 
fed at a specified pressure from the plunger pump 30 
first passes through the inlet orifice nozzle 60, and flows 
into the control chamber 610a at a flow rate of Qin. 
[01 31 ] Meanwhile, some of the fuel that flows into this 
control chamber 610a passes through the outlet pipe 
612 and flows out of the outlet pipe orifice nozzle 70 at 
a flow rate of Qret, so that this fuel is circulated back 
into the fuel tank 20. 

[0132] Then, when the pressure inside the control 
chamber 610a exceeds a specified value PO, the dia- 
phragm 660 is pushed upward against the urging force 
of the urging spring 670, and the valve body 640 is cor- 
respondingly lifted upward by the urging force of the coil 
spring 650, so that the injection passage 630a is 
opened. At the same time, the fuel filling the fuel pas- 
sage 630a is injected into the intake passage of the en- 
gine from the injection port 613. 

[01 33] Furthermore, the air that is conducted from the 
air cleaner is caused to pass through the assist air orifice 
nozzle (assist air jet) 55 by the suction negative pres- 
sure inside the intake passage 21 a, and is thus conduct- 
ed into the assist air passage 615; this air is further 
caused to jet from the injection port 613. In this case, 
this jetting assist air agitates the injected fuel, so that an 
atomization similar to that of a carburetor is realized. 
[0134] Fig. 13 shows another embodiment of the first 
electronically controlled fuel injection device of the 
present invention; in this embodiment, the diaphragm 
type injection nozzle 600 shown in the abovementioned 
Fig. 12 is further altered. 

[0135] As is shown in Fig. 13, the injection nozzle 700 
of this embodiment comprises an inside tubular member 
701 and an outside tubular member 710 used as cylin- 
drical bodies which demarcate fuel passages 701 a and 
710a that communicate with an inlet orifice nozzle 60 
and outlet orifice nozzle 70, a valve body 720 which is 
disposed inside the tubular member 701 so that this 
valve body 720 is free to perform a reciprocating motion, 
and which opens and closes the fuel passage 701a, an 
urging spring 740 which urges the valve body 720 with 
a specified urging force so that the fuel passage 701a 
is ordinarily blocked, and an outlet connector 760 which 
supports one end of this urging spring 740, and which 
contains a check valve 750 inside. 
[01 36] An inlet pipe 71 1 which demarcates a fuel pas- 
sage 710a is formed as an integral part of the outside 
tubular member 710, and an inlet orifice nozzle 60 is 
connected by screw engagement to the region of the 
opening part of this inlet pipe 711 . Furthermore, an as- 
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sist air introduction pipe 71 2Xo which an assist air orifice 
nozzle 55 is attached is press-fitted in one side portion 
of the outside tubular member 71 0, and an injection port 
710b that injects fuel is formed in the tip end portion of 
the outside tubular member 710. 
[0137] The contour of the inside tubular member 701 
is formed by a tip-end tubular part 702 with a reduced 
diameter on the tip end side, and a cylindrical part 703 
with an expanded diameter which is integrally connect- 
ed to the tip-end tubular member 702. Furthermore, the 
outer circumferential surface of this cylindrical part 703 
is engaged via an O-ring in a specified position so that 
this outer circumferential surface makes tight contact 
with the inside wall of the outside tubular member 710, 
and the outer circumferential surface of the tip-end tu- 
bular part 702 is partially disposed at a specified dis- 
tance from the inside wall 710a of the outside tubular 
member 71 0. The space that is demarcated by this outer 
circumferential surface 702a and inside wall 710a, and 
the passage in the assist air introduction pipe 712, form 
an assist air passage 705 that is used to allow the pas- 
sage of assist air. 

[0138] The contour of the valve body 720 is formed 
as a long rod shape with a step by a valve part 721 which 
is solid, and which is formed in a columnar shape with 
a reduced diameter, and a cylindrical part 722 which is 
formed with an expanded diameter as an integral unit 
with the valve part 721 . A plurality of fuel passages 723 
are formed in the connecting part between the valve part 

721 that has a reduced diameter and the cylindrical part 

722 that has an expanded diameter. Furthermore, an 
outlet orifice nozzle 70 is connected to the cylindrical 
part 722 by screw engagement. 

[0139] Furthermore, in this valve body 720, the outer 
circumferential surface of the valve part 721 and the in- 
side wall of the inside tubular member 701 are separat- 
ed by a gap so that a fuel passage 701 a is demarcated, 
and [the valve body 720] is inserted so that [the valve 
body 720] can perform a reciprocating motion (sliding 
motion) through the interior of the inside tubular member 
701 in a state in which the outer circumferential surface 
of the cylindrical part 722 is in tight contact with the in- 
side wall of the inside tubular member 701 . 
[0140] Furthermore, an urging spring 740 is disposed 
inside the inside tubular member 701 in a state in which 
one end portion of this urging spring 740 is caused to 
contact the end surface of the outlet orifice nozzle 70 
positioned above the valve body 720. Moreover, in this 
state, the outlet connector 760 is connected by screw 
engagement to the upper end portion of the inside tubu- 
lar member 701 , so that the other end portion of the urg- 
ing spring 740 is caused to contact the step part 761 of 
the passage formed with an expanded diameter in this 
outlet connector 760. Specifically, this urging spring 740 
is compressed by a specified amount so that the valve 
body 720 is ordinarily urged downward, thus causing the 
valve part 721 to block the fuel passage 701a. 
[0141] A check valve 750 which is urged by a coil 
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spring 763 is disposed in the outlet connector 760 so 
that the fuel passage 762 is ordinarily blocked. 
[0142] Furthermore, this outlet connector 760 is ar- 
ranged so that the amount by which the outlet connector 
760 is screwed into the inside tubular member 701 can 5 
be adjusted; as a result, the valve opening pressure of 
the valve body 720 can be appropriately adjusted by ad- 
justing the amount of compression of the urging spring 
740. 

[0143] Here : to describe the operation of the above- io 
mentioned injection nozzle 700, the fuel that is pressure- 
fed at a specified pressure from the plunger pump 30 
first passes through the inlet orifice nozzle 60, and flows 
into the fuel passage 701 a of the inside tubular member 
701 at a flow rate of Qin. ?5 
[01 44] Meanwhile, some of the fuel that flows into this 
fuel passage 701a passes through the fuel passage 
723, and flows out from the outlet orifice nozzle 70 at a 
flow rate of Qret. When the pressure of the fuel on the 
downstream side of this outlet orifice nozzle 70 exceeds 20 
a specified value, the check valve 750 opens the fuel 
passage 762, so that the fuel is circulated back into the 
fuel tank 20. 

[0145] Then, when the pressure inside the fuel pas- 
sage 701a exceeds a specified value of P0, the valve 25 
body 720 is pushed upward against the urging force of 
the urging spring 740, so that the valve part 721 opens 
the lower end portion of the fuel passage 701a. At the 
same time, the fuel filling the fuel passage 701a is in- 
jected into the intake passage of the engine from the 30 
injection port 710b. 

[01 46] Furthermore, the air that is conducted from the 
air cleaner is caused to pass through the assist air orifice 
nozzle (assist air jet) 55 by the suction negative pres- 
sure inside the intake passage 21a, and is thus conduct- 35 
ed into the assist air passage 705; this air is further 
caused to jet from the injection port 710b. In this case, 
this jetting assist air agitates the injected fuel, so that an 
atomization similar to that of a carburetor is realized. 
[0147] In the injection nozzle 700 of this embodiment, 40 
the external dimensions can be reduced compared to 
those of the abovementioned injection nozzle 600 using 
a diaphragm, so that installation, layout and the like are 
facilitated. 

[0148] Figs. 14 through 16 illustrate an embodiment 45 
of the second electronically controlled fuel injection de- 
vice of the present invention. Fig. 14 is a schematic di- 
agram of the system. Fig. 15 is a sectional view illustrat- 
ing a case in which the electromagnetically driven pump 
and injection nozzle are constructed as an integral unit, 50 
and Fig. 16 is a partial enlarged sectional view of the 
same embodiment. As is shown in Figs. 14 and 15, the 
electronically controlled fuel injection device of this em- 
bodiment comprises as basic constituent elements a 
plunger pump 800 which is used as an electromagneti- 55 
cally driven pump that pressure-feeds fuel from the fuel 
tank 20 of a two-wheeled vehicle, a circulation passage 
140 which circulates fuel that has been pressurized to 



a specified pressure or greater in a specified initial re- 
gion of the pressure-feeding stroke performed by the 
plunger pump 800 back into the fuel tank 20, a spill valve 
820 which is used as a valve body that blocks the circu- 
lation passage in the later region of the pressure-feeding 
stroke other than the initial region, an inlet orifice nozzle 
60 which has an orifice part that allows the passage of 
fuel that has been pressurized to a specified pressure 
in the later region of the pressure-feeding stroke, an out- 
let orifice nozzle 70 which has an orifice part that allows 
the passage of fuel in order to circulate a specified 
amount of the fuel that passes through the inlet orifice 
nozzle 60 back into the fuel tank 20, an injection nozzle 
1 000 which injects an amount of fuel equal to the differ- 
ence between the fuel that has passed through the inlet 
orifice nozzle 60 and the fuel that has passed through 
the outlet orifice nozzle 70 into the intake passage of the 
engine, and a driver 80 and control unit (ECU) 90 used 
as control means that sent control signals to the plunger 
pump 800 and the like on the basis of engine operating 
information. 

[0149] Here, to describe the plunger pump 800, this 
fuel pump is an electromagnetically driven volume type 
pump. As is shown in Figs. 15 and 16, a core 802 is 
joined to the outer circumference of a cylinder 801 used 
as a cylindrical body that has a cylindrical shape, and a 
solenoid coil 803 is wound around the outer circumfer- 
ence of this core 802. A plunger 804 used as a movable 
body that has a specified length is inserted into the cyl- 
inder 801 so that this plunger 804 makes tight contact 
with the cylinder 801 , and this plunger 804 is free to per- 
form a reciprocating motion by sliding in the axial direc- 
tion through this cylinder 801. 

[0150] As is shown in Fig. 15, a circulation passage 
804a which passes through the plunger 804 in the di- 
rection of the reciprocating motion (axial direction) is 
formed in the plunger 804; furthermore, an expanded 
part 804a' in which the circulation passage 804a is ex- 
panded in the radial direction is formed in one end of the 
plunger 804. Furthermore, a pressurizing valve 805 and 
a coil spring 806 which urges this pressurizing valve 805 
toward the upstream side are disposed inside this ex- 
panded part 804a", and a stopper 807 which forms a part 
of the plunger 804 and which has a circulation passage 
807a in the central portion is engaged with the outside 
end portion of this expanded part 804a\ One end of the 
coil spring 806 is held by the end surface of this stopper 
807. 

[0151] As is shown in Fig. 16, a tubular member 810 
is fastened by engagement to the cylinder 801 in a po- 
sition separated from the plunger 804 so that this tubular 
member 801 faces the stopper 807, and a fuel passage 
811 with a reduced diameter and a fuel passage 812 
with an expanded diameter are formed inside this tubu- 
lar member 810. Furthermore, a plurality of fuel passag- 
es 81 3 that extend in the axial direction, an annular fuel 
passage 81 4 that communicates with these fuel passag- 
es 81 3, and a fuel passage 81 5 that extends in the radial 
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direction so as to communicate with the fuel passage 
811 and the fuel passages 813, are formed on the outer 
circumferential surface [of the tubular member 81 0). 
[01 52] Furthermore, a spill valve 820 used as a valve 
body is disposed inside the passage 811 that has a re- 
duced diameter, so that this spill valve 820 is free to per- 
form a reciprocating motion, and an outlet check valve 
830 is disposed inside the fuel passage 812 that has an 
expanded diameter, so that this outlet check valve 830 
is free to perform a reciprocating motion. Furthermore, 
a stopper 840 which has a fuel passage 840a is fastened 
by engagement to one end portion of the tubular mem- 
ber 810. 

[0153] As is shown in Fig. 16, the spill valve 820 is 
formed by a circular-conical tip end part 821 , an expand- 
ed-diameter part 822, an annular flange part 823 and 
the like. The outlet check valve 830 is formed by a tip 
end part 831 that has a circular-conical surface, a cylin- 
drical part 832 that forms a continuation of this tip end 
part 831, a plurality of fuel passages 833 which are 
formed in the outer circumferential surface so that these 
fuel passages 833 extend in the axial direction. 
[0154] Furthermore, outlet check valve 830 is urged 
by a coil spring 850 so that the tip end part 831 of the 
outlet check valve 83 blocks an opening part 816 posi- 
tioned at the end portion of the fuel passage 811 . The 
spill valve 820 is urged by a coil spring 860 disposed 
between the upper end surface of the tubular member 
81 0 and the flange part 823 so that the tip end part 821 
of the spill valve 820 blocks an opening part 807a* po- 
sitioned at the end portion of the circulation passage 
807a. 

[01 55] Furthermore, as is shown in Fig. 1 5, a support- 
ing member 870 which has a circulation passage 870a 
is mounted in one end portion of the cylinder 801 , and 
a coil spring 880 is disposed between this supporting 
member 870 and one end portion of the plunger 804. 
Furthermore, a coil spring 890 is disposed between the 
other end portion (stopper 807) of the plunger 804 and 
the tubular member 810. These coil springs 880 and 890 
form elastic bodies that drive the plunger 804 in the di- 
rection of the reciprocating motion. Furthermore, the 
space in which the coil spring 890 is disposed is the op- 
erating chamber W of the plunger 804. 
[0156] Furthermore, as is.shown in Fig. 15, a connec- 
tor member 900 and a spacer member 910 are fastened 
by means of bolts to both ends of the cylinder 801 . The 
connector member 900 is formed by a connector part 
901 that demarcates a circulation passage 901 a, a fas- 
tening flange part 902 and the like, and the spacer mem- 
ber 910 is formed by a connector part 911 that demar- 
cates a fuel supply passage 911 a, an engagement hole 
912 in which the tubular member 810 is engaged, a fas- 
tening flange part 913, a female screw part 914 which 
is used for the connection of the injection nozzle 1000, 
an internal passage that communicates with the en- 
gagement hole 912. 

[01 57] Furthermore, a check valve 920 is disposed in 



the connector part 911, and the fuel supply passage 
91 1 a' is urged toward the upstream side by a coil spring 
930 so that [the fuel supply passage 911] is blocked. 
Moreover, when the check valve 920 opens, the fuel 

5 supply passage 911a communicates with the operating 
chamber W via the opening part 916 and fuel passage 
813. Furthermore, an inlet orifice nozzle 60 is attached 
to the internal passage 915. Moreover, the connector 
member 900 and spacer member 91 0 are connected to 

10 the pump main body via O-rings 941 , 942 and 943. 
[0158] As is shown in Fig. 16, the injection nozzle 
1000 comprises a cylindrical body 1010 that demar- 
cates a fuel passage 1010a, a tubular guide member 
1 020 which is disposed inside this cylindrical body 1010, 

*5 a tubular retaining member 1030 which is inserted into 
this guide member 1020 so that this retaining member 
1 030 is free to perform a reciprocating motion , a poppet 
valve body 1040 which is disposed inside this retaining 
member 1030 so that this poppet valve body 1040 is 

20 free to perform a reciprocating motion, and which opens 
and closes the fuel injection passage 1 020a, and an urg- 
ing spring 1050 which is held in the retaining member 
1 030, and which urges the poppet valve body 1 040 with 
a specified urging force so that the injection passage 

25 1020a is ordinarily blocked. Furthermore, this urging 
spring 1 050 contacts a stopper 1 041 that is attached to 
the upper end portion of the poppet valve body 1 041 , so 
that the upward movement [of the urging spring 1050] 
is restricted. 

30 [0159] As is shown in Fig. 16, an outlet pipe 1060 
which demarcates a fuel return passage 1060a that 
communicates with the fuel passage 1010a is formed 
as an integral unit with the cylindrical body 1010 on the 
outer circumferential part of the cylindrical body 1010. 

35 An outlet orifice nozzle 70 is connected by screw en- 
gagement to the outside region of this outlet pipe 1 060. 
[0160] Furthermore, a check valve 1070 used as a 
back-flow preventing valve that opens and closes the 
fuel return passage 1060a is disposed inside the outlet 

^0 pipe 1060, and an adjuster 1071 which has a fuel pas- 
sage 1071a is attached by screw engagement to a fe- 
male screw formed in the inside wall of the outlet pipe 
1061. A coil spring 1072 which urges [the check valve 
1 070] so that the check valve 1 070 ordinarily blocks the 

45 fuel return passage 1 060a is disposed between this ad- 
juster 1 071 and the check valve 1 070. The operation of 
the adjuster 1071 is the same as described above. 
[0161] Furthermore, as is shown in Fig. 16, a flange 
part 1011 is formed on the outer circumferential part of 

50 the cylindrical body 1010, and an assist air orifice nozzle 
55 is screw-engaged with this flange part 1 01 1 . Moreo- 
ver, air that passes through this assist air orifice nozzle 
55 passes through an assist air passage 1012, and is 
caused to jet from an injection port 1 01 3, so that this air 

55 assists in the atomization of the injected fuel. 

[0162] As is shown in Fig. 16, a female screw part 
1010a' is formed in the upper end region of the above- 
mentioned cylindrical body 1 01 0, and a male screw part 
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914 on the spacer member 91 0 positioned at the lower 
end of the abovementioned plunger pump 800 is screw- 
engaged with this female screw part 101 0a\ so that the 
plunger pump 800 and injection nozzle 1000 are joined 
into an integral unit. As a result, both parts can be han- 5 
died as a single module as described above, so that the 
amount of assembly work required can be reduced, the 
convenience of handling is improved, and the size of the 
apparatus is reduced. 

[0163] As is shown in Fig. 16, an inclined part 1031 10 
that opens in the form of a funnel is formed in the upper 
portion of the retaining member 1030, and fuel passag- 
es 1032 and 1033 are formed in the side surface and 
outer circumferential surface of the bottom portion [of 
this inclined part 1031] that holds the urging spring 1050. *5 
Furthermore, the tip end portion of an adjustment screw 
1 080 that is screwed into the side wall of the cylindrical 
body 1010 contacts the inclined part 1031. Moreover, 
Ihe action of the adjustment screw 1080 and inclined 
part 1031 is the same as described above; accordingly, so 
. a description is omitted here. 
[0164] Here : to describe the operation of the plunger 
pump 800 and injection nozzle 1000, when the plunger 
804 moves in one direction (upward in Fig. 15) in the 
fuel suction stroke, the pressure inside the operating 25 
chamber W drops, so that the check valve 920 opens. 
Then, the fuel that is conducted via the low-pressure fil- 
ter 120 from the fuel tank 20 passes through the fuel 
supply passage 91 1 , opening part 91 6 and fuel passage 
813. and is sucked into the operating chamber W. 30 
[01 65] Meanwhile, while the plunger 804 moves in the 
other direction (downward in Fig. 15) in the fuel pres- 
sure-feeding stroke, the pressurizing valve 805 opens 
when the fuel that is pressure-fed in the initial region of 
this movement exceeds a specified pressure (pressuri- 35 
zation). so that the circulation passage 807a is opened, 
and fuel with which vapor is mixed is circulated back into 
the fuel tank 20. Then , when the plunger 804 moves fur- 
ther and thus enters the later region of the pressure- 
feeding stroke, the spill valve 820 closes of the circula- 40 
tion passage 807a, and the pressure of the fuel Is simul- 
taneously increased even further. 
[0166] Furthermore, the spill valve 820 moves as a 
unit with the plunger 804, and at the point in time where 
the pressure of the fuel rises to a specified pressure, *s 
this fuel pressure (pressure of the fuel) causes the outlet 
check valve 830 to open against the urging force of the 
coil spring 850. Consequently, the fuel whose pressure 
has been increased to a specified level passes through 
the fuel passages 813, 815, 833 and 840a from the op- so 
erating chamber W, and flows into the injection nozzle 
1000 via the inlet orifice nozzle 60. 
[0167] Next, fuel with a specified flow rate of Qret 
(among the fuel Qin that has flowed into the injection 
nozzle 1 000) passes through the outlet orifice nozzle 70, 55 
and is circulated back to the fuel tank 20 via the fuel 
return pipe 1 30, so that fuel Qout equal to the difference 
[in these flow rates] is injected from the injection port 



1013 as injected fuel. 

[01 68] Thus, since the vapor mixed with the fuel is ex- 
pelled in the initial region of the fuel pressure-feeding 
stroke, i. e., before the fuel is metered by the inlet orifice 
nozzle 60, fuel from which almost all vapor has been 
expelled flows into the injection nozzle 1 000. As a result, 
especially at high temperatures, the amount of fuel that 
is injected is controlled with high precision, and stabi- 
lized control can be performed. Furthermore, in the 
pressure-feeding stroke performed by the plunger 804, 
an increase in the pressure of the fuel is performed in 
each cycle in the later region of the stroke, i. e., from a 
specified stroke position to the end of the stroke; accord- 
ingly, control error caused by vapor can be avoided. 
[0169] Fig. 17 illustrates another embodiment of the 
second electronically controlled fuel injection device. In 
this embodiment, the path of the circulation passage, 
the valve body that opens and closes the circulation pas- 
sage, the outlet check valve and the tike are altered with 
respect to the abovementioned embodiment shown in 
Figs. 14 through 16. Accordingly, only the altered parts 
will be described here; constituent elements that are the 
same [as in the abovementioned embodiment] are la- 
beled with the same symbols, and a description of these 
elements is omitted. 

[01 70] In the plunger pump 1 1 00 of this embodiment, 
as is shown in Fig. 1 7, a core 1 1 02 is joined to the outer 
circumference of a cylinder 1101 used as a cylindrical 
body that has a cylindrical shape, and a solenoid coil 
1103 is wound around the outer circumference of this 
core 1 1 02. A cylindrical plunger 1 1 04 formed as a solid 
member is inserted into the cylinder 1101 so that this 
plunger 1104 tightly contacts the cylinder 1101 , and so 
that this plunger 1104 can perform a reciprocating mo- 
tion by sliding in the axial direction through this cylinder 
1101. 

[0171] A stopper 1110 which has a fuel passage 
1 1 1 0a is mounted by engagement on one end of the cyl- 
inder 1101, and a tubular member 1120 is fastened by 
engagement to the other end. A fuel passage 1121 
which has a reduced diameter and a fuel passage 1122 
which has an expanded diameter are formed inside this 
tubular member 1 1 20; furthermore, a fuel passage 1 1 23 
which extends in the axial direction is formed on the out- 
er circumferential surface. 

[0172] Furthermore, an outlet check valve 1130 is dis- 
posed inside the fuel passage 1122 that has an expand- 
ed diameter so that this outlet check valve 1130 is free 
to perform a reciprocating motion, and this check valve 
1130 is urged by a coil spring 1150 disposed between 
[the check valve 1130] and a stopper 1140 that is fas- 
tened by engagement to the end portion of the tubular 
member 1120, so that this check valve 1130 blocks the 
reduced-diameter fuel passage 1121 . 
[0173] Furthermore, respective coil springs 1160 and 
1170 are disposed between the plunger 1104 and the 
stopper 1110, and between the plunger 1104 and the 
tubular member 1 1 20. These coil springs 1 1 60 and 1 1 20 
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form elastic bodies that drive the plunger 1104 in the 
direction of the reciprocating motion. Furthermore, the 
space in which the coil spring 1170 is disposed is the 
operating chamber W of the plunger 1104. 
[0174] A spill port 1101a is formed in the cylinder 5 
1 1 01 , so that the operating chamber W inside the cylin- 
der 1101 can communicate with a circulation passage 
1 1 80 formed on the outside of the cylinder 1101. 
[0175] Furthermore, a connector member 1190 and a 
spacer member 1200 are fastened by means of bolts to 10 
both ends of the cylinder 1101 . The connector member 
1190 is formed by a connector part 1191 which demar- 
cates a circulation passage 1191a, a fastening flange 
part 1192, a circulation passage 1193 with a reduced 
diameter that communicates with the circulation pas- '5 
sage 1180, and a circulation passage 1194 with an ex- 
panded diameter. Furthermore, a pressurizing valve 
1 1 95 is disposed inside the circulation passage 1 1 94 so 
that this pressurizing valve 1 1 95 is free to perform a re- 
ciprocating motion, and [this pressurizing valve 11 95] is 20 
urged by a coil spring 1 1 97 disposed between [the pres- 
surizing valve 1195] and a stopper 1196 so that [this 
pressurizing valve 1195] blocks the fuel passage 1193 
that has a reduced diameter. Furthermore, a fuel pas- 
sage 1198 that communicates with the circulation pas- 25 
sage 1194 and the fuel passage 1110a is formed. 
[01 76] The spacer member 1 200 is formed by a con- 
nector part 1201 which demarcates a fuel supply pas- 
sage 1201a, an engagement hole 1202 which engages 
the tubular member 1 1 20, a fastening flange part 1 203, 30 
a male screw part 1204 which is used to connect the 
injection nozzle 1000, and an internal passage 1205 
which communicates with the engagement hole 1202. 
[0177] Furthermore, a check valve 1210 is disposed 
in the connector part 1 201 , and the fuel supply passage 35 
1201a' is urged toward the upstream side by a coil 
spring 1220 so that [this fuel supply passage 1201a'] is 
blocked. Moreover, when the check valve 1210 opens, 
the fuel supply passage 1201a communicates with the 
operating chamber W via the opening part 1 206 and fuel 40 
passage 1123. Furthermore, an inlet orifice nozzle 60 is 
attached to the internal passage 1205. Moreover, the 
connector member 1190 and spacer member 1200 are 
connected to the pump main body via O-rings 1231, 
1232, 1233 and 134. 45 
[0178] Here : to describe the operation of the plunger 
pump 1 100 and injection nozzle 1 000, when the plunger 
1104 moves in one direction (upward in Fig. 17) in the 
fuel suction stroke, the pressure inside the operating 
chamber W drops so that the check valve 1 21 0 opens, so 
Furthermore, the fuel that is conducted from the fuel 
tank 20 via the low-pressure filter 1 20 is sucked into the 
operating chamber W via the fuel supply passage 
1201a, opening part 1206 and fuel passage 1123. 
[0179] Meanwhile, while the plunger 1104 moves in 55 
the opposite direction (downward in Fig. 17) in the fuel 
pressure-feeding stroke, the pressurizing valve 1195 
opens when the fuel that is pressure-fed in the initial re- 
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gion of this movement- reaches a specified pressure 
(pressurization) or greater, so that the circulation pas- 
sage 1 1 93 is opened, and fuel with which vapor is mixed 
is circulated back into the fuel tank 20 via the spill port 
1101a and circulation passages 1180, 1193, 1194, 
1196a and 1191a. Then, when the plunger 1104 moves 
even further so that the plunger 1104 enters the later 
region of the pressure-feeding stroke, the outer circum- 
ferential surface of the plunger 1 1 04 blocks the spill port 
1101a, and at the same time, the pressure of the fuel is 
increased even further. 

[0180] Then, at the point in time where the pressure 
of the fuel is increased to a specified pressure, the outlet 
check valve 1130 opens so that the fuel passage 1121 
is opened. At the same time, fuel whose pressure has 
been increased to a specified level passes through the 
fuel passages 1121 . 1122 and 1140a, and flows into the 
injection nozzle 1000 via the inlet orifice nozzle 60. 
[0181] Then, fuel at a specified flow rate of Qret 
(among the fuel Qin that has flowed into the injection 
nozzle 1 000) passes through the outlet orifice nozzle 70, 
and is circulated back into the fuel tank 20 via the fuel 
return pipe 1 30, so that fuel Qout equal to the difference 
[between these flow rates] is injected from the injection 
port 1013 as injected fuel. 

[01 82] Thus, since the vapor mixed with the fuel is ex- 
pelled in the initial region of the fuel pressure-feeding 
stroke, i.e., before the fuel is metered by the inlet orifice 
nozzle 60, fuel from which almost all vapor has been 
expelled flows into the injection nozzle 1T)00. As a result, 
especially at high temperatures, the amount of fuel that 
is injected is controlled with high precision, and stabi- 
lized control can be performed. Furthermore, in the 
pressure-feeding stroke performed by the plunger 1 1 04, 
an increase in the pressure of the fuel is performed in 
each cycle in the later region of the stroke, i. e., from a 
specified stroke position to the end of the stroke; accord- 
ingly, control error caused by vapor can be avoided. 
[01 83] Figs. 1 8 and 1 9 illustrate an embodiment of the 
third electronically controlled fuel injection device [of the 
present invention]. Fig. 1 8 is a schematic diagram of the 
system, and Fig. 1 9 is an enlarged sectional view of the 
main parts. 

[0184] As is shown in Fig. 1 8, the electronically con- 
trolled fuel injection device of this embodiment compris- 
es as basic constituent elements a plunger pump 800 
used as an electromagnetically driven pump that pres- 
sure-feeds fuel from the fuel tank 20 of a two-wheeled 
vehicle : a circulation passage 140 which circulates fuel 
that has been pressurized to a specified pressure or 
greater in a specified initial region of the pressure-feed- 
ing stroke performed by the plunger pump 800 back into 
the fuel tank 20, a spill valve 820 used as valve body 
which blocks the fuel passage in the later region of the 
pressure-feeding stroke other than the initial region, an 
inlet orifice nozzle 60 which has an orifice part that al- 
lows the passage of fuel that has been pressurized to a 
specified pressure in the later stage of the pressure- 



EP 1 306 544 A1 



18 



BNSOOCID: <EP 1306S44A1_I_> 

\ 



35 



EP 1 306 544 A1 



36 



feeding stroke, an injection nozzle 1500 which injects 
fuel that has passed through the inlet orifice nozzle 60 
into the intake passage (of the engine) when this fuel 
exceeds a specified pressure : and a driver 80 and con- 
trol unit (ECU) 90 used as control means that send con- s 
trol signals to the plunger pump 800 and the like on the 
basis of engine operating information. Specifically, this 
electronically controlled fuel injection device has a con- 
struction in which the outlet orifice nozzle 70 and fuel 
return pipe 1 30 of the electronically controlled fuel injec- 10 
tion device shown in the abovementioned Figs. 14 
through 16 are omitted. Accordingly, only the altered 
parts will be described here; constituent elements that 
are the same as in the abovementioned device are la- 
beled with the same symbols, and a description of these *5 
elements is omitted. 

[0185] As is shown in Fig. 19, the injection nozzle 
1500 of this embodiment comprises a cylindrical body 
1510 which demarcates a fuel passage 1 51 0a, a tubular 
guide member 1 020 which is disposed inside this cylin- 20 
drical body 1510, a tubular retaining member 1030 
which is inserted into this guide member 1020 so that 
this retaining member 1030 is free to perform a recipro- 
cating motion, a poppet valve body 1040 which is dis- 
posed inside this retaining member 1030 so that this 25 
poppet valve body 1 040 is free to perform a reciprocat- 
ing motion, and which opens and closes the fuel injec- 
tion passage 1020a, and an urging spring 1050 which 
is held in the retaining member 1030, and which urges 
the poppet valve body 1 040 with a specified urging force 30 
so that the injection passage 1020a is ordinarily 
... blocked. 

[0186] As is shown in Fig. 19, only a flange part 1511 
is formed on the outer circumferential portion of the cy- 
lindrical body 1510, and an assist air orifice nozzle 55 35 
is screw-engaged with this flange part 1511. Further- 
more, the air that passes through this assist air orifice 
nozzle 55 passes through an assist air passage 1512 
and jets from the injection port 1 51 3, so that this air as- 
sists in the atomization of the injected fuel. 40 
[0187] As is shown in Fig. 19, a female screw part 
1510a' is formed in the upper end region of the above- 
mentioned cylindrical body 1 51 0, and a male screw part 
914 on the spacer member 91 0 positioned at the lower 
end of the plunger pump 800 is screw-engaged with this 45 
female screw part 1 51 Oa', so that the plunger pump 800 
and injection nozzle 1 500 are joined into an integral unit. 
As a result, both parts can be handled as a single mod- 
ule as described above, so that the amount of assembly 
work required can be reduced, the convenience of han- so 
dling is improved, and the size of the apparatus can be 
reduced. 

[0188] Here, to describe the operation of the plunger 
pump 800 and injection nozzle 1500, when the plunger 
804 moves in one direction (upward in Fig. 19) in the 
fuel suction stroke, the pressure inside the operating 
chamber W drops so that the check valve 920 opens. 
Then, the fuel that is conducted via the low-pressure fil- 



ter 120 form the fuel tank 20 passes through the fuel 
supply passage 911, opening part 91 6 and fuel passage 
813, and is sucked into the operating chamber W. 
[01 89] Meanwhile, while the plunger 804 moves in the 
opposite direction (downward in Fig. 1 9) in the fuel pres- 
sure-feeding stroke, the pressurizing valve 805 opens 
when the fuel that is pressure-fed in the initial region of 
this movement reaches a specified pressure (pressuri- 
zation) or greater, so that the circulation passage 807a 
is opened, and fuel with which vapor is mixed is circu- 
lated back into the fuel tank 20. Then, when the plunger 
804 moves even further so that the plunger 804 enters 
the later region of the pressure-feeding stroke, the spill 
valve 820 blocks the circulation passage 807a, and at 
the same time, the pressure of the fuel is increased even 
further. 

[0190] Then, at the point in time where the spill valve 
820 has moved a specified distance as a unit with the 
plunger 804, the expanded-diameter part 822 of the spill 
valve 820 contacts the tip end portion 831 of the outlet 
check valve 830 : and opens the outlet check valve 830 
against the urging force of the coil spring 850. Accord- 
ingly, fuel whose pressure has been increased to a 
specified level passes through the fuel passages 813, 
815, 833 and 840a from the operating chamber W, and 
flows into the injection nozzle 1500 via the inlet orifice 
nozzle 60. 

[0191] Then, when the pressure of the fuel that has 
flowed into the injection nozzle 1500 is raised even fur- 
ther to a specified pressure, the poppet valve body 1 040 
is opened against the urging force of the coil spring 
1050, so that the fuel is injected from the injection port 
1513. 

[0192] In this system, since the plunger pump 800 is 
driven using only time as a control parameter, the ex- 
pulsion of vapor can be accomplished with good effi- 
ciency even if circulation using an outlet orifice nozzle 
70 of the type described above is not performed; further- 
more, a region of good linearity of the inlet orifice nozzle 
60 can be used. 

[0193] Specifically, since driving is accomplished by 
time control of the specified time for which the plunger 
pump 800 is powered by a specified level of current, va- 
por that is mixed with the fuel is positively expelled in 
the initial region of the fuel pressure-feeding stroke, i. 
e., before the fuel is metered by the inlet orifice nozzle 
60; furthermore, high-precision metering can be per- 
formed by the inlet orifice nozzle 60. 
[0194] As a result, the amount of injected fuel can be 
controlled with high precision, especially at high temper- 
atures, and stabilized control can be performed. Fur- 
thermore, in the pressure-feeding stroke performed by 
the plunger 804, an increase in the pressure of the fuel 
is performed in each cycle in the later region of the 
stroke, i. e., from a specified stroke position to the end 
of the stroke; accordingly, control error caused by vapor 
can be avoided. 

[01 95] In the embodiments described above, the driv- 
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er 80 and control unit 90 used as control means for con- 
trolling the driving of the plunger pumps 30, 300, 800 
and 1 1 00 consist of software and hardware used to cal- 
culate the injection timing, injection time, powering cur- 
rent value or voltage and the like in accordance with en- 
gine operating information obtained from sensors on the 
basis of a predetermined control map or the like, and to 
output control signals, in accordance with the operating 
conditions of the engine. 

[0196] Next, the operation of the electronically con- 
trolled fuel injection device of the present invention will 
be described. 

[01 97] First, when engine operating information is de- 
tected by the rotational speed sensor, water tempera- 
ture sensor, pressure sensor, throttle opening sensor 
and the like, various calculations are performed by the 
driver 80 and control unit 90, and specified control sig- 
nals are sent to the plunger pump 30, 300, 800 or 1100. 
[0198] Here : the control signals are pulse width mod- 
ulated (PWM) control signals, and driving is performed 
so that the driving frequency of the plunger 34, 804 or 
1104 of the plunger pump 30, 300, 800 or 1100 is syn- 
chronized with the cycle of the engine. Specifically, in a 
four-cycle engine, for example, driving is performed so 
that the frequency is 10 Hz in a case where the engine 
rpm is 1 200 rpm, 50 Hz in a case where the rpm is 6000 
rpm. and 83.3 Hz in a case where the rpm is 1 0,000 rpm. 
Furthermore, driving is performed in a specified region 
of the inlake stroke of the engine. 
[0199] Furthermore, in cases where the load on the 
engine is a relatively low load, the powering current val- 
ue, i. e.. the discharge pressure, is set at a relatively 
large value, the powering time is set at a relatively short 
value, and driving is performed so that fuel is intermit- 
tently injected in a specified short period of the intake 
stroke. The conditions of the supply of fuel to the intake 
in this case are shown schematically in Fig. 20 (a). Spe- 
cifically, by performing such intermittent fuel injection, it 
is possible to cause rare-mixture combustion; as a re- 
sult, the amounts of exhaust gases such as carbon di- 
oxide, hydrocarbons and the like can be efficiently re- 
duced. 

[0200] On the other hand, in cases where the load on 
the engine is a relatively high load, the powering current 
value, i. e., the discharge pressure, is set at a relatively 
small value, the powering time is set at a relatively long 
value, and driving is performed so that fuel is continu- 
ously injected for a period that extends over a specified 
length of the intake stroke. The conditions of the supply 
of fuel to the intake in this case are shown schematically 
in Fig. 20 (b). Specifically, by performing such continu- 
ous fuel injection, it is possible to cause uniform-mixture 
combustion; as a result, the required driving character- 
istics and power performed (driveability and perform- 
ance) can be ensured. 

[0201] As was described above, the plunger pumps 
30, 300, 800 and 1100 use two elements, i. e., the cur- 
rent used to power the solenoid coil 33, 803 or 1 1 03 (that 



is, the pressure of the fuel obtained by conversion from 
the current via electromagnetic force), and the powering 
time, as control parameters; accordingly, as is shown in 
Fig. 21 , control can be accomplished by appropriately 

5 selecting these two control parameters in accordance 
with the operating conditions (low load or high load) of 
the engine and the like. As a result, an arbitrary mixed 
state suited to the operating conditions of the engine, i. 
e., a uniform mixed state in cases where power perform- 

10 ance is considered to be important, or a non-uniform 
mixed state or intermediate mixed state in cases where 
rare combustion for the purpose of reducing the 
amounts of exhaust gases is considered to be impor- 
tant, can easily be obtained. Furthermore, the degree of 

15 freedom of control, i. e., the control width, can be in- 
creased, and the transient response characteristics are 
also advantageous. Moreover, since the amount of fuel 
injected varies with the current value and the pulse 
width, an interrupt increase or the like can easily be ac- 

20 complished. 

[0202] The fuel Qin that is pressure-fed from the 
plunger pump 30, 300, 800 or 1000 controlled as de- 
scribed above is introduced into the injection nozzle 50, 
500 (500 1 ), 600, 700 or 1000, and some of this fuel is 

25 circulated back to the fuel tank 20 as return fuel (bias 
flow rate) Qret, so that fuel Qout equal to the difference 
[between these flow rates] is injected from the injection 
nozzle 50, 500 (500'), 600, 700 or 1 000 as injected fuel. 
Furthermore, the injected fuel is supplied to the intake 

30 passage 21 a of the engine while being agitated by assist 
air so that atomization of the fuel is promoted. 
[0203] Especially in the case of the plunger pumps 
800 and 1100, vapor is expelled in the initial region of 
the pressure-feeding stroke prior to the metering of the 

35 fuel by the inlet orifice nozzle 60; accordingly, control of 
the amount of injection at high temperatures is especial- 
ly stable. 

[0204] Meanwhile, in the system shown in Fig. 18, 
since only time is used as a control parameter in the 

40 driving of the plunger pump 800, vapor can be expelled 
with good efficiency without using a bias flow rate, and 
a region of good linearity of the inlet orifice nozzle 60 
can be used, so that the amount of injection can*be con- 
trolled with high precision. 

45 [0205] Furthermore, superimposed driving in which 
an auxiliary pulse consisting of a smaller current is su- 
perimposed on a fundamental pulse consisting of a cur- 
rent at a specified level may also be used as the method 
that controls the plunger pump 30, 300, 800 or 1100. 

so [0206] In this superimposed driving, the driving cur- 
rent (pressure) and pulse width (powering time) are 
made variable, and two different pulses are superim- 
posed. Forexample, as is shown in Fig. 22, a continuous 
pulse control pattern in which an auxiliary pulse is added 

55 in front of a fundamental pulse of the like may be used. 
[0207] In this superimposed driving, the bias current 
is increased, so that the expulsion of vapor can be pro- 
moted even further, thus improving the idling stability at 
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high temperatures. Furthermore, even if air is intro- 
duced into the fuel lines in the case of oxygen deficiency 
or line-off in the manufacturing method process, recov- 
ery to the original function is greatly improved. 
[0208] In the abovementioned constructions, the dis- 5 
charge pressure of the plunger pump 30 : 300, 800 or 
1100 is set so that the fuel injection pressure is in the 
desired range; this pressure is set at an appropriate de- 
sired value with the vapor generation limit at which fuel 
vapor tends to be generated being taken into account. io 
[0209] In the embodiments described above, a two- 
wheeled vehicle was described as an example of the 
vehicle in which the engine was mounted. However, the 
present invention is not limited to such vehicles; the in- 
vention can also be appropriately applied in other cases '5 
where an engine with a relatively small displacement is 
mounted, such as three-wheeled or four-wheeled carts, 
and boats such as leisure boats and the like. 

INDUSTRIAL APPLICABILITY 20 

[021 0] In the electronically controlled fuel injection de- 
vice of the present invention, as was described above, 
a simple combination of an electromagnetically driven 
pump which allows control over a broad range in accord- 25 
ance with the operating conditions of the engine, and an 
injection nozzle that is equipped with an inlet orifice noz- 
zle and an outlet orifice nozzle, is used. Accordingly, the 
amount of exhaust gases and the like can be efficiently 
reduced while placing an emphasis on operating char- 30 
acteristics and power performance. In particular, since 
two-element control in which control is accomplished by 
means of the electromagnetically driven pump is ac- 
complished by means of the two elements of powering 
current (i. e., discharge pressure of the fuel) and pow- 35 
ering time can be employed, arbitrary fuel mixture con- 
ditions suited to the operating conditions of the engine 
can easily be established. Furthermore, a large control 
width can be obtained, and the system is also superior 
in terms of transient response characteristics, so that an 40 
optimal combustion state based on precise control can 
be obtained overall. 

[0211] Furthermore, as a result of the use of a plunger 
pump (which is especially superior in terms of auto-suc- 
tion performance) as the electromagnetically driven 45 
pump, in-line installation is possible, so that the degree 
of freedom in layout and design is increased, thus mak- 
ing it possible to achieve a compact installed structure 
while using a conventional fuel tank, especially in the 
case of mounting in a two-wheeled vehicle or the like. 50 
[0212] Furthermore, there is no need for a conven- 
tional high-pressure filter; a low-pressure filter em- 
ployed in systems using carburetors may be used. Fur- 
thermore, since there is no need for a pressure-resistant 
structure, the piping can be simplified and thin piping 55 
materials can be used, so that a reduction in the weight, 
size and cost of the overall supply system can be 
achieved. 



[021 3] Furthermore, in the electronically controlled fu- 
el injection device of the present invention, fuel with 
which vapor is mixed is pressure-fed by the electromag- 
netically driven pump and circulated [back into the fuel 
tankj in the initial region of the pressure-feeding stroke 
prior to the metering of the fuel by the inlet orifice nozzle; 
accordingly, the amount of fuel injected can be control- 
led with high precision, especially at high temperatures. 



Claims 

1. An electronically controlled fuel injection device 
which injects fuel into the intake passage of an en- 
gine, comprising: 

a volume-type electromagnetically driven 
pump which pressure-feeds fuel conducted 
from the fuel tank, using electromagnetic force 
as a driving source; 

an inlet orifice nozzle which has an orifice part 
that allows the passage of the fuel that is pres- 
sure-fed by this electromagnetically driven 
pump; 

an outlet orifice nozzle which has an orifice part 
that allows the passage of fuel so that a spec- 
ified amount of the fuel that has passed through 
the inlet orifice nozzle is circulated back to the 
fuel tank; 

an injection nozzle which injects an amount of 
fuel equal to the difference between the fuel 
that has passed through the inlet orifice nozzle 
and the fuel that has passed through the outlet 
orifice nozzle into the intake passage; and 
control means for controlling the electromag- 
netically driven pump in response to the engine 
cycle. 

2. The electronically controlled fuel injection device 
according to claim 1 , characterized in that said 
electromagnetically driven pump comprises a cylin- 
drical body that forms a fuel passage, a plunger 
which is disposed in tight contact with the inside of 
the passage of this cylindrical body so that this 
plunger is free to perform a reciprocating motion 
within a specified range, and which has a fuel pas- 
sage that passes through in the direction of the re- 
ciprocating motion, a first check valve which is 
urged so as to block the fuel passage of this plunger, 
and which is disposed so that the fuel passage is 
opened by the movement of the plunger in one di- 
rection, an elastic body which is supported on the 
cylindrical body, and which urges the plunger in the 
direction of the reciprocating motion, a second 
check valve which is disposed on the downstream 
side of the plunger with respect to the direction of 
flow of the fuel, and which is urged so as to block 
the passage of the cylindrical body, and disposed 
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so that that the passage of the cylindrical body is 
opened by the movement of the plunger in the other 
direction, and a solenoid coil which applies an elec- 
. trornagnetic force to the plunger. 

5 

3. An electronically controlled fuel injection device 
which injects fuel into the intake passage of an en- 
gine, comprising: 

a volume type electromagnetically driven pump 10 
which pressure-feeds fuel conducted from the 
fuel tank, using electromagnetic force as a driv- 
ing source, and which; 

a circulation passage which circulates fuel that 
has been pressurized to a pressure equal to or 15 
greater than a specified pressure in a specified 
initial region of the pressure-feeding stroke per- 
formed by the electromagnetically driven pump 
back into the fuel tank; 

a valve body which blocks the circulation pas- 20 

sage in the later region of the pressure-feeding 

stroke other than the initial region; 

an inlet orifice nozzle which has an orifice part 

that allows the passage of fuel pressurized to 

a specified pressure in the later region of the 25 

pressure-feeding stroke; 

an outlet orifice nozzle which has an orifice part 
that allows the passage of fuel so that a spec- 
ified amount of the fuel that has passed through 
the inlet orifice nozzle is circulated back into the 30 
fuel tank; 

an injection nozzle which injects an amount of 
fuel equal to the difference between the fuel 
that has passed through the inlet orifice nozzle 
and the fuel that has passed through the outlet 35 
orifice nozzle into the intake passage; and 
control means for controlling the electromag- 
netically driven pump in response to the engine 
cycle. 

40 

4. An electronically controlled fuel injection device 
which injects fuel into the intake passage of an en- 
gine, comprising: 

a volume type electromagnetically driven pump *s 
which pressure-feeds fuel conducted from the 
fuel tank, using electromagnetic force as a driv- 
ing source; 

a circulation passage which circulates fuel that 
has been pressurized to a pressure equal to or so 
greater than a specified pressure in a specified 
initial region of the pressure-feeding stroke per- 
formed by the electromagnetically driven pump 
back into the fuel tank; 

a valve body which blocks the circulation pas- 55 
sage in the later region of the pressure-feeding 
stroke other than the initial region; 
an inlet orifice nozzle which has an orifice part 



that allows the passage of fuel pressurized to 
a specified pressure in the later region of the 
pressure-feeding stroke; 
an injection nozzle which injects the fuel that 
has passed through the inlet orifice nozzle into 
the intake passage when [the pressure of this 
fuel] is equal to or greater than a specified pres- 
sure; and 

control means for controlling the electromag- 
netically driven pump in response to the engine 
cycle. 

5. The electronically controlled fuel injection device 
according to claim 3 or claim 4, characterized in 
that: 

said electromagnetically driven pump has a cy- 
lindrical body that forms a fuel passage, a 
plunger which is disposed in tight contact with 
the inside of the passage of the cylindrical body 
so that this plunger is free to perform a recipro- 
cating motion within a specified range, and 
which sucks in fuel by moving in one direction 
and pressure-feeds this sucked-in fuel by mov- 
ing in the other direction, an elastic body which 
urges the plunger in the direction of the recip- 
rocating motion, an outlet check valve which 
opens a fuel passage that communicates with 
the inlet orifice nozzle when the fuel that is pres- 
sure-fed by the plunger reaches a pressure 
equal to or greater than a specified pressure, 
and a solenoid coil which applies an electro- 
magnetic force to the plunger; 
said circulation passage is formed so that this 
passage passes through said plunger in the di- 
rection of the reciprocating motion of the plung- 
er, and a pressurizing valve is provided which 
is urged so that this pressurizing valve blocks 
the circulation passage, and opens when the 
pressure-fed fuel reaches a pressure equal to 
or greater than a specified pressure; 
said valve body consists of a spill valve which 
is disposed so as to freely perform a recipro- 
cating motion in the direction of the reciprocat- 
ing motion of the plunger, so that the circulation 
passage is opened in the initial region of the 
pressure-feeding stroke and blocked in the lat- 
er region of the pressure-feeding stroke, and 
so that the outlet check valve is opened at an 
intermediate point in this later region. 

6. The electronically controlled fuel injection device 
according to claim 3 or claim 4, characterized in 
that: 

said electromagnetically driven pump has a cy- 
lindrical body that forms a fuel passage, a 
plunger which is disposed in tight contact with 
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the inside of the passage of the cylindrical body 
so that this plunger is free to perform a recipro- 
cating motion within a specified range, and 
which sucks in fuel by moving in one direction 
and pressure-feeds this sucked-in fuel by mov- 5 
ing in the other direction, an elastic body which 
urges the plunger in the direction of the recip- 
rocating motion, an outlet check valve which 
opens a fuel passage that communicates with 
the inlet orifice nozzle when the fuel that is pres- 10 
sure-fed by the plunger reaches a pressure 
equal to or greater than a specified pressure, 
and a solenoid coil which applies an electro- 
magnetic force to the plunger; 
said circulation passage is formed on the out- is 
side of the cylindrical body; 
a pressurizing valve which is urged so as to 
block the circulation passage, and which opens 
the circulation passage when the fuel that is 
pressure-fed by the plunger reaches a pressure 20 
equal to or greater than a specified pressure, 
is installed on the circulation passage; 
a spill port which communicates with the circu- 
lation passage is formed in said cylindrical 
body; and 25 
said valve body consists of said plunger, which 
opens the spill port in the initial region of the 
pressure-feeding stroke, and closes the spill 
port in the later region of the pressure-feeding 
stroke. 30 

7. The electronically controlled fuel injection device 
according to any of claims 3 through 6, character- 
ized in that said circulation passage is formed so 
that the fuel is circulated in the opposite direction 35 
from the direction of injection of the fuel by the in- 
jection nozzle. 

8. The electronically controlled fuel injection device 
according to any of claims 1 through 3 or 5 through *o 
7, characterized in that said injection nozzle has 

a cylindrical body which demarcates a fuel passage 
that communicates with said inlet orifice nozzle and 
outlet orifice nozzle, a valve body which is disposed 
so that this valve body is free to perform a recipro- 45 
eating motion inside the cylindrical body, and which 
opens and closes the fuel injection passage, and an 
urging spring which urges the valve body by means 
of a specified urging force so that the fuel injection 
passage is blocked. so 

9. The electronically controlled fuel injection device 
according to any of claims 4 through 7, character- 
ized in that said injection nozzle has a cylindrical 
body which demarcates a fuel passage that con- 55 
ducts fuel that has flowed in from the inlet orifice 
nozzle, a valve body which is disposed so that this 
valve body is free to perform a reciprocating motion 
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inside the cylindrical body, and which opens and 
closes the fuel injection passage, and an urging 
spring which urges the valve body by means of a 
specified urging force so as to block the fuel injec- 
tion passage. 

10. The electronically controlled fuel injection device 
according to claim 8 or claim 9, characterized in 
that said injection nozzle has an assist air passage 
that allows the passage of assist air for assisting the 
atomization of the injected fuel. 

11. The electronically controlled fuel injection device 
according to any of claims 8 through 1 0, character- 
ized in that said injection nozzle has adjustment 
means for adjusting the urging force of said urging 
spring. 

12. The electronically controlled fuel injection device 
according to claim 1 or claim 3, characterized in 
that said injection nozzle has a back-flow prevent- 
ing valve which prevents back flow in an intermedi- 
ate point of the fuel passage. 

13. The electronically controlled fuel injection device 
according to claim 12, characterized in that said 
injection nozzle has an adjuster that adjusts the 
opening pressure of said back-flow preventing 
valve. 

14. The electronically controlled fuel injection device 
according to claim 8, characterized in that a fuel 
passage that communicates with said inlet orifice 
nozzle and said outlet orifice nozzle is formed in 
said injection nozzle as a passage that passes 
through the vicinity of the injection passage that is 
opened and closed by said valve body, and allows 
fuel to flow in one direction. 

15. The electronically controlled fuel injection device 
according to any of claims 1 through 14, character- 
ized in that said electromagnetically driven pump 
and said injection nozzle are joined as an integral 
unit. 

16. The electronically controlled fuel injection device 
according to claim 1 or claim 3, characterized in 
that said control means use, as control parameters, 
at least two elements consisting of the current that 
flows through said electromagnetically driven pump 
and the time for which this current flows. 

17. The electronically controlled fuel injection device 
according to claim 4. characterized in that said 
control means use, as a control parameter, only the 
time for which current is caused to flow through said 
electromagnetically driven pump. 
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18. The electronically controlled fuel injection device 
according to claim 1 or claim 3, characterized in 
that said control means drive said electromagnets 
cally driven pump by superimposed driving in which 

an auxiliary pulse that is smaller than a specified 5 
level is superimposed on a fundamental pulse con- 
sisting of a current of this specified level. 

19. The electronically controlled fuel injection device 
according to any of claims 2 or 5 through 1 8, char- 10 
acterized in that said control means supply power 

to said solenoid coil at least during the pressure- 
feeding stroke of said plunger. 
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